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• EXECUTIVE SUMMARY

This report presents the results of the remedial investigation for

Gould Inc. and NL Industries, Inc. as required by Administrative Order

on Consent (Consent Order) EPA Docket No. 1085-05-08106, dated August

29, 1985. The study covers property currently owned by Gould (previously

owned by NL Industries) and adjacent properties owned by other property

The remedial investigation included:•

••

owners.

o

o

o

o

o

o

o

o

o

o

The purpose of the remedial investigation was to:

Characterize the extent of contamination at the site, a former

secondary lead smelter;

Assess the existing and potential threats to human health and

environment; and

Identify potentially applicable remedial technologies .

Collection ot historical data available for the site;

A literature review of urban lead contamination (reported

elsewhere);

A characterizati.on of the existing study area with regard to

potential contamination of surface and subsurface soils, lake

and river sedi~ents, ~nd surface water and ground water;

Assessment of lead contamination in waste stockpiles;

Assessment of 3~=borne lead contamination resulting from site

activities;

Assessment of ~o~~nc~al pathways for contaminant migration from

the site; and

Preliminary a·:~. ;a~:~n Ji ?ocencial remedial actions.
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Site Features Investigation Results

The smelter was originally constructed in 1948 upon a site con

structed with fill materials placed in an oxbow lake, Doane Lake, formed

by the nearby Willamette River. The plant operated several different

processes including lead-acid storage battery breaking and grid metal

separation, lead smelting and refining, lead oxide manufacturing, zinc

alloying, and electrical cable stripping. The plant operated from 1949

through 1972, at which time the smelter was shut down. Battery-breaking

operations and lead oxide manufacturing continued at the plant until

1981. Waste materials from the operations were generally deposited on

the plant or adjacent properties. In 1983, a company called Alchem

Western was unsuccessful in its attempt to operate equipment to separate

plastic from hard rubber casings in the mixture remaining on the Gould

property.

The site is located in an industrial area with low population

density and few residences in the general ,vicinity. The site is rela

tively flat, with very little vegetation or wildlife. Two remnants of

Doane Lake were included in the study area. No rare, thre'atened, or

endangered species are known to inhabit the area, although the nearby

Willamette and Columbia Rivers provide habitat for substantial waterfowl

and fish species. A City of Portland park (Forest Park) is located

southwest of the study area. The climate of the area is heavily

influenced by Pacific Ocean air masses which bring abundant rainfall.

Other features affecting the local climate of the site include the

coastal mountain range, the Cascade Mountains, and the Columbia River

Gorge which allows continental air masses to move into the area occa

sionally. Airb~rne baghouse emissions exceeding federal and state air

quality standards have been observed during plant operations in previous

years.

Surface Debris Investigation Results

rnvestiga~ions of smelter was~es used as Eill material in the study

area iden~i£ied two types of materials: shredded battery casings and a

slag-like material r e f e r r ed to as ma t t e . Casing materials consist of

ii
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polyester plastic, hard rubber (ebonite), lead oxide residues, small

amounts of lead and non-lead metal, and other scrap materials such as

iron, rock and wood. Composition of the shredded casings varies ~idely,

with total lead concentrations (metallic lead and lead oxide) from 3.1

to 14.5 percent. The casing samples tested failed the Resource Conser

vation and Recovery Act (RCRA) EP Toxicity leachate analysis for lead.

The matte consists primarily of rock-like chunks composed of

metallic sulfides, principally iron, and contains 6 to 11 percent lead.

This material is the principal waste resulting from the smelting and

refining operations, and it is estimated that about 12,000 tons were

produced over the years of smelter operation. Matte also fails the RCRA

EP Toxicity leachate analysis for lead.

During the years in which the smelter operated (1949 to 1973),

about 2,600 tons per year of shredded battery casings were reportedly

used as off-site fill material in West Doane Lake, on property belonging

to Rhone-Poulenc Inc. (west of the Gould property>. As the casings were

placed, ~arthen fill was placed over the top of the casing material to.
create a level site. Matte was used as fill in the portion of Doane

Lake on the northeastern boundary of the Gould property (referred to in

the remedial investigation report as the "East" Doane Lake remnant).

After shutdown of the smelter in 1973, shredded battery casings were

placed on site over the'matte and into the East Doane Lake remnant. The

reported amount of shredded casings used as fill on the Rhone-Poulenc

and Gould properties is estimated from production figures to be approxi

mately 75,000 tons.

A discrepancy between the estimated volume of pre··1973 battery

casings reportedly disposed off site on Rhone-Poulenc property and the

estimated volume of casings acrua Ll.y found on Rhone-Poulenc property,

indicates that approximately 40,000 cubic yards of pre-1973 casing

material was unaccounted for. Estimates of the volume of casings used

as fill an the Gould ~roperty L~dicate a surplus of approximately 56,000

cubic yards. Aerial ?hotoqraphs L~dicate that some or all of the 40,000

cubic yards of uriac coun t ed ?r~-1973 casings have been used as Eill en

site, contrary ~o reported jisposal practices.

iii
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Waste sulfuric acid solutions from the battery breaking operations

were discharged into the east Doane Lake remnant for most of the years

the plant was in operation. Volumes of waste acid that were being

discharged into Doane Lake during this period are estimated at 274,000

gallons per year. In 1976, treatment of this acid commenced with the

treated waste being discharged into the City of Portland sewer system.

Other waste material identified in the study area included: 1) an

alkaline hydrated lime waste from the manufacture of acetylene discharged

into the east Doane Lake remnant; 2) shredded automobile body interiors

placed on the property owned by Schnitzer Investments, to the east of

the Gould property~ and 3) demolition debris placed on the property

owned by Rhone-Poulenc, west of the Gould property. The composition and

quantity of these materials were not assessed during the Remedial

Investigation.

Hydrogeology Investigation Results

The site is underlain by a variety of vo Icand.c and· sedimentary

rocks, including the Scappoose and Columbia River Basalt deposits.

Holocene age alluvial sands, silts and clays deposited by flooding of

the Willamette River underlie the study area to depths of 38 to about 93

feet below the floodplain. A prehLsecr Lc channel of the Willamette

River cut off by later alluvial deposits formed Doane Lake, which was

present over most of the study area at the time of industrial develop

ment. Imported fill material pLaced into Doane Lake creaced the site

for smelter construction.

The geology of the site affects the amount, movement and quality of

ground water in the study area. Basalt flows with rubble tops contain

most of the ground water and underlie the study area. These flows, num

bering 12 to 14, dip 1:0 the northeast from the Portland Hills anticline

under Forest Park into the Portland Basin containing the Willamette

River .

The alluvium (below the :~ll layer) on site consists of a complex

mixture of river channel sands, silts and clays. Chemical analyses of

iv
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the alluvium for metals indicate that the range of concentrations found

are for the most part within the range of background concentrations that

have been reported for the area. Lead levels observed varied from 23 to

110 parts per million (ppm). The highest lead levels observed in the

alluvium were near the contact point with the fill later added to Doane

Lake.

A· range of fill materials was placed into Doane Lake including

metal slag, scrap metal, demolition debris, hydraulic dredge spoils,

rock quarry spoils, shredded automobile interiors, and acetylene sludge

as well as battery casings and matte. The fill is generally much more

permeable than the alluvium. Metal contamination in the fill ranges

locally up to several parts per million of chromium, cadmium, zinc, and

arsenic. The pattern of contamination appears directly related to the

known site history and types of fills placed wi thin Doane Lake. No

obvious pattern of contaminant migration is occurring within the fill

materials. Lead concentrations of up to 10 percent lead have been

observed within the area where battery casing fill has been placed.

Sediment samples taken within the east and west Doane Lake remnants

showed the highest concentrations of lead. East Doane Lake remnant

sediments had lead values ranging from 160 to 12,000 ppm. West Doane

Lake remnant sediments were observed to have between 870 to 1,500 ppm.

The Willamette River .sediments taken upstream and downstream of the

discharge area from the Gould property had observed lead concentrations

of 26 to 56 ppm, equivalent to background levels reported for the

Willamette River.

Precipitation runoff from the Gould property and frcm surrounding

properties is the only other source of surface water on site. The east

Doane Lake remnant discharges at high water levels into a storm sewer

that subsequently enters the 'tlillamette River. There is no surface

discharge from the west Doane Lake remnant. Water is lost through per

colation and evaporation. ridal influences in the \q~llamette River were

observed to f Luctiua t e as .nucri 3.S 4 :eet in a 24-'1our period. Part of

~he Gould property is ~ocaced within the lOO-year floodplain.

v

SCOEPA00004117



•

•

••

Four water-bearing units were identified beneath the site. These

units are the fill, the upper alluvial, the lower alluvial and the

basalt. ~ The units are hydraulically connected, but the properties vary

widely with material type and perrneabili ty. Recharge occurs through

precipitation, infiltration from the Doane take remnants, and lateral

inflow. Horizontal hydraulic gradients varied from about 3 feet in 400

feet to 4 feet in 1,500 feet. The direction of ground-water flow is

northward toward the Willamette River.

Dissolved lead concentrations up to approximately 0.21 ppm were

found in ground water in the monitoring wells within the casing disposal

areas. Elevated sulfate and lead concentrations were found in wells

downgradient of the battery casing disposal area. The partitioning

illustrated by total lead, total recoverable lead and dissolved lead

indicate that dissolved lead concentrations in ground water are relati

vely low downgradient. The potential for lead migration exists only if

pH were to decrease.

Surface soil concentrations of lea~ were high in only those areas

sampled around the old plant site on the Gould property and on the

Rhone-Poulenc property above the battery casings disposal area.

Air Investiaation Results

Results of airborne lead sampling over the course of remedial

investigations (April 1986 through January 1987) demonstrated that air

borne lead concentrat~ons at the Gould property boundaries 3re currently

well below both federal and state air quality standards for lead. On

several occasions significantly higher.concentrations of airborne lead

were observed for sinq~e days at one monitor. Observations by Dames &

Moore personnel on site during those days attributed the higher readings

to cleanup operations by a ~urchaser of the Alchem Western casing

separation equipment. ~~e ~nvestigation concluded that, with no distur

bance of the materiai :~ 3i=e, airborne lead levels present no ~rnminent

public health hazard .:C·Ne'.r~r, r erned i.a L action ',o/ill need ::0 ~ake into

account that signifi=3~~ !l=~cr~e ~ead Levels may occur as contaminated

materials are d Ls t urce: .

Vl.
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Biota Investigation Results

No .data were located for contaminant uptake by plants on the site.

However, the area is largely devoid of vegetation. Onsite occurrence of

animals is low due to limited habitat. No data were located for con

taminant concentrations in onsite fauna. Limited data on metal concen

trations in Willamette River fish and invertebrates were available.

Concentrations of lead ranged from 0.68 ppm in crayfish tissue to 0.24

ppm in fish tissue (peamouth). Three other fish species analyzed for

tissue lead concentrations were all below the detection limit (0.1 ppm).

Bench Scale Studies

A bench scale study of limited scope was performed during the Reme

dial Investigation. Three types of coatings for battery casings were

tested using the RCRA EP Toxicity Method for determining the effective

ness of each coating's ability to reduce leachable lead. The coating

formulations were not effective in reducing the leachable lead levels

below acceptable levels.

Batch adsorption tests were run to assess the ability of soils in

the study area to retard the transport of lead in ground water. Results

suggest that the lead adsorptive capacity of the study area soils and

sediments is quite high, and thus the soils are effective at inhibiting

lead migration.

Leach potential tests were performed to evaluate the potential for

lead to leach from battery casings, matte and contaminated soils and

sediment under varying ground-water acidity/alkalinity (pH) conditions

using actual ground water from the site. Results confirm the amphoteric

nature of lead; its solubility increases as acidity or alkalinity

changes from a pH of 3 to 9•

.'Tii
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Public Health and Environmental Concerns

Potential human receptors in the study area are primarily workers

at sur~ounding places of employment and those living in the few residen

ces near Forest Park. Except for a part-time caretaker who oversees

site activities, the Gould site itself is vacant and has limited access.

Potential pathways for human exposure are primarily inhalation of

contaminant-laden airborne dust and soil ingestion. Except during

periods of heavy site activity, airborne lead levels as noted above are

below air quality standards and no known drinking water wells are

located on or downgradient from the site.

Potential pathways of contaminant exposure to flora and fauna are

primarily through uptake of contaminated water or ingestion of con

taminated plant material or pond sediments. Bioaccumulation of heavy

metals is possible through the food chain. Transfer to humans is

possible through game birds known to be present in the area. In the

Doane Lake remnants, there are no aquatic species present that might be

consumed by humans.

viii
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1.0 INTRODUCTION

This report presents the results of remedial investigations for

Gould Inc. and NL Industries, Inc. as required by Administrative Order

on Consent (Consent Order), EPA Docket No. 1085-05-08-106, dated August

29, 1985. The investigation proceeded under Section l06(a) of the

Comprehensive Environmental Response, Compensation and Liability Act of

1980 [42 U.S.C. 9606(a»).

The study area consists of approximately 60 acres located in

Multnomah County, Oregon, including 9.2 acres currently owned by Gould,

Inc. and formerly owned by NL Industries, Inc. The 9.2-acre Gould prop

erty is located at 5909 N.W. 61st Avenue, Portland, Oregon.

1.1 INVESTIGATION SUMMARY

1.1.1 Purpose and Scope of Remedial Investigation

As mandated by the above-referenced order, the purpose of the

remedial investigation was to:

The scope of the investigation included an evaluation of the

history of the Gould site and adjacent areas, evaluations of soil,

water, and air contamination and contaminant pathways, and an assessment

of potential human and environmental impacts.

~he remedial investigation included:••
1.1. 2

o

o

"

Characterize the extent of possible contamination at the site,

Assess existing and potential threats to human health and the

environment, and

Identify potentially applicable remedial technologies for

further study.

Overview of Remedial Investigation

Collection ~nd ~valuation of data readily available in various

governmental ~nd ~ndustrial files in order to ~rovide a ~istor-

ical summary of studY area activities.

1-1
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1.2 OVERVIEW OF REPORT

This report is t~e result of the remedial investigation ~onducted

from April 1, 1986 to ~arch loG, 1987 at and around t.he Gould battery

recycling facility and secondary lead smelter located in northwest

•

•

••

o

o

o

o

o

o

o

A review of scientific literature on urban lead contamination

problems in order to provide information regarding the poten

tial hazards of secondary lead smelter contamination, the

significance of lead contamination on human health and the

environment, and to provide a range of lead concentrations that

have been monitored at similar urban sites.

Characterization of existing study area features, as well as

surface and subsurface conditions, with regard to potential

sources of hazardous substance emissions, discharges, and

contaminations.

Assessment of concentration and extent of lead contamination in

surface and subsurface soils in the plant and adjacent study

area by sampling and testing waste stockpiles, surface water,

bottom sediment, surface soils, subsurface soil borings, and

ground water.

Assessment of location, extent, and movement of potentially

contaminated ground water by installation of 17 new monitoring

wells, quarterly sampling of 34 wells, weekly monitoring of

ground-water levels in 38 wells, and continuous water-level

monitoring in two wells.

Assessment of potential surface-water migration pathways and

potential off-property environmental impacts.

Assessment of the extent of airborne lead contamination result

ing from site activities.

Preliminary development and evaluation of cost-effective,

environmentally acceptable remedial actions.

1-2
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• Portland, Oregon. The main text presents the investigation findings and

interpretations; the appendices present the supporting data.

Section 1.0 of this report is introductory. In addition to discuss

ing the purpose and scope of the investigation, relevant background data

for the site is presented. A review and summary of the nature and

•

extent of the problem is also included in this section.

Section 2.0 of the report presents results of the site features

investigation. Demography, land use, natural resources, and climatology

are discussed in this section.

Section 3.0 presents the results of the hazardous substances

investigation including waste types, component characteristics, and

component behavior. The section contains discussions of how the waste

was produced and disposed, and estimates of the amount of different

waste constituents. Toxicity and transport behavior are also discussed.

Section 4.0 presents results of the hydrogeologic investigation.

Evaluations of site area geology, hydrology, and hydrogeology are pre

sented, in addition to analyses of contaminant transport by ground and

surface waters. Section 4.0 differs from the usual remedial investiga

tion report format in that all data for surface and subsurface soil,

surface and ground water, and lake and river sediments are integrated

into the discussion.

seccLon 5.0 t'resents results of the air investigation. Sampling

program results, the potential risks associated with sources of airborne

lead in the study area, and the migration potential of lead through the

airborne pathway are addressed.

Section 6.0 discusses results of the local flora and fauna investi-

3ection 7.0 discusses the results of the bench scale and pilot stu

dies. These include battery casing coating tests, batch adsorption, and
••

gation.

discussed.

Available data on contaminant levels in the local biota is

leach po t errc i a L tests. l'he significance of the bench scale and oi Loe

study results on the site's feasibility study is also discussed.

1-3
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• Section 8.0 presents an analysis of public health and environmental

concerns! Receptors and pathways to both the human population and

environment are assessed in the context of the information presented in

Sections 1.0 to 7.0.

References are contained in Section 9.0.

glossary of terms used throughout the report.

Section 10.0 is a

•

••

The appendices (Volume II) contain the sampling and analytical pro

cedures (Appendix ~), quality assurance/quality control procedures

(Appendix B), analytical data (Appendix C), and other data supporting

the hydrogeologic investigation (Appendix D), including a discussion of

the water budget (Appendix 06).

1.3 SITE BACKGROUND INFORMATION

1.3.1 Site Location and Configuration

The Gould site is located in the Doane Lake area of Portland be

tween N.W. St. Helens Road .and· N.W. Front Avenue, about 1.3 miles

southeast of St. John's Bridge. As shown on Figure 1.3-1 (General

Vicinity Map) the Willamette River lies about 1,000 feet to the

northeast and flows northwest, parallel to Front ~venue. The area is

heavily industrialized. The Gould property encompasses 9.2 acres and is

only a portion of the 60-acre study area, as shown on Figure 1.3-2

(Study ~rea Location Map).

The study area encompasses all of the former (1949) areal extent of

Doane Lake. Although it is roughly boun~ed on the southwest by N.W. St.

Helens Road, on the ~or~~east by N.W. Front Avenue, on the southeast by

61st Street, and on the ''''est and northwest by the Burlington Northern

railroad right-oi-way, the study area was not entirely confined to these

boundaries. Industria~ ?r8perties adjacent to Gould that lie wholly or

partly within the study ar ea include Amez i.can Steel Industries, Inc.;

ESCO Corporation; ~hone-?s~~enc Inc.; ~orthwest Equipment Rentals, Inc .

(formerly A.tlas '-irecx.:..-.::, ~2ased ::: r om Rhone-i?oulenc); Schnitzer Invest

ment Corporation, Liqu:..: ;.:.= :orporation (leased tram Schnitzer); and

?ennwalt Corporation.

1-4
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1.3.2 Site History

Prior to development (as indicated by aerial photographs taken in

1936 and 1940) the Gould site was a brush and grass-covered landfill

that extended into and rose a few feet above Doane Lake. The origin and

time of placement of this fill material is unknown. An aerial photo

graph taken on June 1, 1948, shows the presently existing railroad spur

coming onto the western edge of the plant site. The secondary lead

smelting facility was completed and went into operation in 1949 under

the ownership of Morris P. Kirk and Sons (Kirk & Sons), a subsidiary of

NL Industries, Inc. At that time, a significant portion of the site was

still occupied by Doane Lake. Subsequent expansion consisted of a ware

house constructed in 1950 and a lead oxide building constructed in 1965.

Facility operations consisted of lead-acid battery recycling, lead

smelting and refining, zinc alloying and casting, cable sweating

(removal of lead sheathing from copper cable), and (after 1965) lead

oxide productio'·. A more detailed discussion of placement of fill/waste

on the site is presented in Section 3.2.2.2.

Available Oregon Depa~:ment of Environmental Quality (DEQ) records

for the period between February 1960 and January 1970 indicate that Kirk

& Sons received 14 complaints and/or violations regarding emissions from

the facility. A January 29, 1970 report by the Columbia-Willamette Air

Pollution Authority expressed concern over levels of lead in the vici

nity of ~orris P. Kirk, and the potential threat to health caused by

continued plane operations.

When NL Industries purchased the property from the subsidiary in

1971. Three violations of excessive emissions ',oIere recorded in 1972.

Lead was detected in Doane Lake in 1973, and NL Industries was cited for

improper wastewater discharge into the lake. On July 30, 1973, NL

Industries curtailed all smelting operations, but the lead oxide still,

cable sweater, and refining kettles continued to operate. Available

records indicate that che facility operated in compliance with DEQ

guidelines during 1974 ~~rough 1976.

1-7
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The property was sold by NL Industries to Gould Inc. in January

1979. In October of the same year, Gould stopped receiving lead-acid

batteries, but continued to process a substantial existing stockpile of

batteries. In January 1980, lead refining operations were discontinued.

Battery decasing operations ceased on April 1, 1981, lead oxide produc

tion ceased in May 1981, and the facility closed entirely in August

1981. By the summer of 1982, most of the structures, facilities, and

equipment had been removed.

Alchem Western, Inc., began setting up equipment on the Gould pro

perty in late 1983 for the purpose of washing, separating, and

reclaiming plastic fragments and lead oxide. Battery casing fragments

were dredged from the Doane Lake remnant on the northeast portion of the

Gould site and stockpiled along the shoreline. These surface debris

piles have since remained at this location. After a brief period of

activity, Alchem Western suspended operations due to mechanical problems

(Moore 1986a). Although most of the Alchem Western equipment has been

removed, some still remains on the Gould property at the date of this

report.

A historical sequence of significant events and actions related to

the battery recycling and secondary lead smelting facility is presented

in Table 1.3-1. The Doane Lake landfill, waste debris types, disposal

locations, and hazardous material volumes, are discussed in Section 3.2.

1.3.3 Site Topograohy and Physiography

The study area occupies a section of flat floodplain between the

Willamette River and steep slopes of the Tualatin Mountains (locally

known as the Portland Hills). Site elevations range between 26 and 48

feet (City of Portland datuml), with the most abrupt elevation changes

occurring along the northwestern boundary of the study area (adjacent to

the Doane Lake remnant) and near the pump station on N.W. Front Avenue

(see Figure 1.3-3).

lAll elevations in this =epor~ refer to the City of Portland datum, which
is 1.375 feet below mean sea Level.

1-8
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• TABLE 1.3-1

CHRONOLOGICAL HISTORY OF GOULD SITE OPERATIONS

Sheet 1 of 5

•

1936 & 1940

June 1, 1948

1949

1950

Feb. 4, 1960

1965

Aerial photographs (no exact date) show the secondary lead
smelting site as a vacant grassy landfill projecting into
and rising only a few feet above Doane Lake. The date and
source of the pre-1936 landfill are unknown.

Aerial photograph shows railroad spur coming i~to the pro
posed plant site. No other construction is evident yet.

Secondary lead smelting facility constructed and operated
by Morris P. Kirk and Sons (Kirk & Sons). At this time,
NL Industries owned 51 percent of Morris P. Kirk (Moore
1986).

Lead oxide building constructed by Kirk & Sons.

Complaint mentioned in Oregon Department of Environmental
Quality (DEQ) files against Kirk & Sons, regarding burning
of battery casings.

A lead oxide production facility was constructed and began
operations.

1966 Kirk & Sons initiated a respirator program for employees.

April 14, 1966 The Air Quality Control Division (AQC) of the Portland
Bureau of Health recommended taking ambient air lead
samples around the Kirk & Sons facility.

July 7, 1966 The AQC observed heavy emissions of yellow dust for 10
minutes around ~he Kirk & Sons :acility.

Dec. 15, 1966 The AQC observed the baghouse stack emitting an opacity
reading of 2 to 3 on the Ringleman scale.

Jan. 24, 1967 . The AQC reported a 27-minute opacity violation from a 30
minute observation; grayish smoke emission from smelter
stack.

••

Sept. 6, 1967

Oct. 12, 19 67

The AQC reported a 21-1/4-minu~e opacity violation from a
27-minute observation, white metal fumes and smoke from
the blas~ furnace baghouse stack. The AQC recommended a
:irst notice 1e~ter being sen~ to Kirk & Sons with steps
to 9rev~n~ recurrence of emissions.

The ?cr~land ~egional ~ir ?ollution Au~~ority noted a 17
minute opacity ~iolation from a 20-minu~e observation;
white ~o orown smoke :rom a baghouse stack.
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Oct. 13, 1967

Oct. 21, 1967

Dec. 26, 1968

March 31, 1969

Nov. 14, 1969

Jan. 29, 1970

March 16,.1970

June 17, 1970

1971

March 16, 1972

Aug. 16, 1972

TABLE 1.3-1 (Continued)

Sheet 2 of 5

The AQC observed an opacity violation from the baghouse
stack at 16:00 to 16:4S hours.

The Portland Regional Air Pollution Authority reported a
27-minute opacity violation from a 30-minute observation;
smoke from baghouse stack.

The Columbia-Willamette Air Pollution Authority reported a
30-minute violation from a 30-minute observation; smoke
and flames from lead sweat furnace stack.

The Columbia-Willamette Air Pollution Authority noted a
1S-minute violation from a 1S-minute observation; smoke
from baghouse exhaust stack.

Kirk & Sons corrected baghouse emissions from melting
kettle and blast furnace.

The Columbia-Willamette Air Pollution Authority calculated
lead emissions from the'Kirk & Sons facility and concluded:
"It is apparent that levels of lead in the vicinity of
Morris E. Kirk can cause a definite threat to health and
should not be allowed to continue."

The Co1umbia-Willamette Air Pollution Authority observed a
16-minute violation from a l6-minute observation; yellow
particulates from lead furnace baghouse exhaust.

The Co1umbia-willamette Air Pollution Authority observed a
S-minute violation from 3D-minute observation; gray smoke
from stack.

NL Industries purchased the property from their sub
sidiary, Morris P. Kirk & Sons. Also, this same year bat
tery manufactures began .using plastic for casings.

The Col~bia-Willamette Air Pollution Authority observed a
3D-minute violation from a 3D-minute observation; white
air contaminants from baghouse exhaust. Notice of viola
tion sene to NL Industries~ no penalty levied.

The Col'~bia-Wil1amette Air Pollution Authority noted
emi5s1~ns jut recorded no measurements.

scoEPA00004138



•

•

••

Sept. 27, 1972

March 12, 1973

March 19, 1973

April 30, 1973

July 30, 1973

Nov. 6, 1974

Jan. 19, 1976

Oct. 1976

Jan. 16 &I 30,
1978

Aug. 15, 1978

Jan. 1979

Oct. 1979

Nov. a, 1979

TABLE 1.3-1 (Continued)

Sheet 3 of 5

The Columbia-Willamette Air Pollution Authority recorded a
49-minute violation from a 60-minute observation; white
smoke from baghouse stack. Notice of violation issued, no
penalty levied.

The DEQ sampled NL facility discharge into Doane Lake;
test results indicated 9.5 and 10.3 ppm lead.

NL Industries cited for wastewater discharge to Doane
Lake.

The Columbia-willamette Air Pollution Authority requested
that NL Industries provide a compliance schedule to
control emissions from the blast furnace before issuing a
new Air Contaminant Discharge Permit. Monitoring and
reporting provisions were also a requirement.

NL Industries curtailed all smelting operating and remo
deled the Portland facility to function as a transfer
point to ship and receive goods from Los Angeles. The
lead oxide still, cable sweater, and refining kettles con
tinued to 'operate.

Inspection by DEQ indicated that NL Industries were in
compliance with their Air Contaminant Discharge Permit.

Inspection by DEQ indicated that NL Industries were in
compliance with their Air Contaminant Discharge Permit.

Violations for wastewater discharge by NL Industries 'Nere
corrected.

NL Industries sent two loads of acid waste to a hazardous
waste management facility in Arlington, Oregon for dispo
sal.

Doane Lake (east remnant) sampled by DEQ; test results
indicated 0.1 and 0.3 ppm lead.

Gould Inc. purchased the facility from NL Industries.

Gould stopped receiving lead-~cid batteries for recycling
and concentrated on ~educing their on-site stockpile .

Preliminary modeling analysis by CEQ suggested Gould may
je v i.oLae i.nq t~e new ambient Lead standard for the laad
trailer loading operation.
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Jan. 1, 1980

Jan. 1980

March 5, 1981

April 1, 1981

April 28, 1981

May 1981

June through
Sept. 1981

July 10, 1981

Aug. 1981

Oct. 30, 1981

Jan. 21, 1982

Feb. 12, 1982

July 9, 1982

July 22, 1982

Aug. 1982

Sept. 24, 1982

Oct. 26, 1982

TABLE 1.3-1 (Continued)

Sheet 4 of 5

Gould began neutralizing waste acid with ammonia and
discharging it into the City sanitary sewer system.

Gould terminated lead refining operations.

DEQ issued notice to Gould of discharge v i.oLat.Lons and
creating offensive conditions. A medium-rate civil
penalty was recommended.

Gould terminated battery decasing operation.

DEQ obtained two yards cleaning samples: EP leachate test
results indicated 280 and 4,200 ppm lead.

Gould terminated lead oxide production.

Ambient air monitoring at the Gould facility by DEQ.

DEQ sent notice to Gould of intent to assess civil
penalties.

Gould facility ceased all operations.

DEQ requested that Gould undertake a comprehensive cleanup
program.

Dames & Moore began field work on initial monitoring
wells.

Gould sold plant equipment and buildings.

DEQ requested a cleanup program from Gould.

DEQ decided no cleanup of the Gould site was warranted by
the ground-water data received to date.

Dames & Moore conducted one week of ambient air monitoring
at the Gould facility.

DEQ requested that Gould submit a schedule for removing
the battery cases from the site and for sampling soil
and pond sedimen~s on the site •

Gould responded to DEQ request, indicating :ha~ they ~ould

level and cover the battery casings.
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Dec. 3, 1982

Feb. 25, 1983

Dec. 31, 1983

Jan. 28, 1984

Aug. 30, 1985

April 1, 1986

June 1, 1987

JUly 29, 1987

DEQ rejected Gould's plan for covering the battery
casings.

Gould Inc. submitted a letter to EPA objecting to EPA's
Hazard Ranking System (HRS) score for the site. The score
had been used by EPA to propose inclusion of the site on
the NPL. In particular, the Gould letter obj~cted to the
methods used to determine airborne contaminant hazards at
the site.

Alchem Western moved battery casing recovery equipment
to the Gould facility.

The Alchem Western equipment operated for one day before
experiencing bearing failure. Operations were discon
tinued and not reinitiated.

Gould Inc. and NL Industries signed Section 106, Adminis
tration Order on Consent for the Remedial Investigation/
Feasibility Study (RI/FS) of the facility.

Work Plan for RI/FS by Dames & Moore was approved and
site investigations began.

Draft RI report was submitted to agencies.

Review comments on Draft RI report received from agencies.

••

Agency files reviewed: The Oregon Department of Environmental Quality
(DEQ) and U.S. Environmental Protection Agency (EPA).

The DEQ was formed in 1969 and it replaced the Oregon Sanitary Authority,
which began around 1939. From late 1967 to about 1973, the Portland
Regional Pollution Authority and the Columbia-Willamette Air Pollution
Authority were in existence, but they eventually merged into the CEQ. The
Federal Water Pollution Control Administration became the U. S. EPA about
1970.
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2.0 SITE FEATURES INVESTIGATION

The purpose of this section is to provide a framework for assessing

existing and potential threats to human health and the environment as a

result of site contamination. This portion of the remedial investiga

tion report includes discussions of the demography, land use, natural

resources, and climatology of the subject site and adjacent area. The

study area includes property owned or leased by Gould Inc., American

Steel Industries, Inc., ESCO Corporation, Rhone-Poulenc Inc., Northwest

Equipment Rentals, Inc. (formerly Atlas Wrecking, leased from Rhone

Pou1enc), Schnitzer Investment Corporation, Liquid Air Corporation

(leased from Schnitzer), and Pennwalt Corporation. Properties adjacent

to the study site area (Figure 1.3-2) are discussed in the demographic,

land use, and natural resources portions of this report.

2. I DEMOGRAPHY

2.1.1 Population

In gene~al, the Gould site is located in an area which is less den

sely populated than surrounding areas to the northeast and southeast.

The site is located in census tract 43, a large tract which parallels

the Willamette River for approximately 7 miles. The 1985 population for

all of tract 43 was 903 persons, a decrease of seven persons from the
!

1980 population of 910 (METRO 1985).

By way of contrast, the 90pulation of census tract 40.02 represents

the more densely populated areas near the Gould site. Census tract

40.02 is approximately I mile square, and is located approximately 1/2

mile northeast of the Gould site across the Willamette River. The 1985

population of census tract 40.02 was 4,812 persons, a decrease of almost

100 persons from the 1980 population of 4,911 (METRO 1985).

The 1986 population for the entire City of Portland totals approxi

mately 422,000 persons.

2-1
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2.1.2 Employment

Industrial and commercial businesses in the vicinity of the study

area employ a few hundred people. Rhone-Poulenc has 40 employees;

American Steel Industries has 48; Liquid Air has three; Pennwal t has

170; and Gould has one. Northwest Equipment Rentals, the wrecking yard

on Rhone-Poulenc property adjacent to Gould, employs two to five per

manent employees plus seasonal help.

2.1. 3 Housing

There are no private residences within the immediate study area. A

few widely scattered private resi?ences and rental units are located in

a narrow zone between N.W. St. Helens Road and Forest Park, south and

west of the study area (Figure 2.1-1). The 1985 census data for all of

Census Track 43 shows a total of 425 dwelling units, 380 of which are

single family homes (METRO 1985).

The. nearest zone of dense housing lies across the Willamette River

to the north and northeast, some 3,000 to 3,800 feet from the study area

(Figure 2.1-1). The 1985 census data for a portion of this area (Census

Tract 40.02) shows a total of 1,736 dwelling units, 1,569 of which are

single family homes (METRO 1985).

2.2 LAND USE

2.2.1 Existing Land Use

The existing land use in the study area and vicinity is primarily

industrial, and generally follows the City of Portland zoning code

designations (Figure 2.1-1). The area between Forest Park and St.

Portland zoning code jesl.~nacions are shown in Figure 2.1-1, overlain on

an aerial 9hotograph o~ :~e site dated Oct.ober 1979. Present-day land

use has remained essen1:l.ai~y ~nchanged since that date.

Helens Road contains a few residential buildings, even though the area

is zoned for heavy industrial use. The nearest large area of residen

tial land use is on the east side of the Willamette River. Forest Park,

west of St. Helens ~cad, is ~argely undeveloped but does contain a few•e scattered residences -l ~ :ng 1.ts eascern 90rt.ion. The current City of

2-2
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2.2.2 Planned Land Use

No significant changes in the area's existing land use patterns (as

indicated on Figure 2.1-1) are presently planned. The range of future

uses for the site is being considered in preparation of the Feasibility

Study.

2.2.3 Land Use Plans and Controls

The study area and adjacent areas have been divided by the City of

Portland Planning Bureau into 15 zones shown (Figure 2.1-1). A summary

of the Portland zoning code designations applicable to the site is given

in Table 2.2-1. The City is presently in the process of changing the

zoning code designation for areas near the Willamette River (City of

Portland 1987). The zoning code changes are only designation changes

and will have no effect on allowable land use. The designation changes

are shown on Table 2.2-2.

In planning and zoning for the area immediately adjacent to the

Willamette River, the City is restricted by the State of Oregon Greenway

Statute (Oregon Revised Statute 390). The statute was written by the

Oregon Legislature in 1973 to ftprotect and preserve the natural, scenic

and recreational qualities of lands al~ng the Willamette River ft. The

statute allows each municipality along the river to develop their own

land use plans as ~ong as they follow the general goal of the statute.

The City of Portland has deve Loped a pLan that preserves t he river

dependent and river-related industrial development and establishes

public access to the river (City of Portland 1986).

2.3 NATURAL RESOURCES

2.3.1 Veaetation
d

The Gould pl ant; site occupies a flat area between the Willamette

River on the east and the forested slopes of the Tualatin Mountains coe
• the '''est . The site is':'J.r::-ent':'y paved ",ith asphalt and is basically

2-4
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• TABLE 2.2-1

SUMMARY OF APPLICABLE ZONING CODE DESIGNATIONS

FARM AND FOREST ZONE
FF Farm and Forest: Allows agriculture, forest and single-family

homes on lots of two acres or larger.

residential: Allows construction of
average lot area of 2,500 square feet

SINGLE-FAMILY RESIDENTIAL ZONES
R10 Low-density single-family

10,000 square-feet lot.
R5 High-density single-family

5,000 square-feet lot.
R2.5 Attached single-family

attached units with an
per lot.

MULTI-FAMILY RESIDENTIAL ZONE

residential:

residential:

Allows one house on a

Allows one house on a

•

••

R2 Low-density mUlti-family residential: Allows single-family and row
houses, duplexes, a: lrtments and condominiums at a density of one
unit per 2,000 square feet of site area.

COMMERCIAL ZONE
C4 Neighborhood commercial: Allows small neighborhood service commer

cial businesses with a maximum floor area of 4000 square feet. If
extra conditions are met up to 7000 squa~e feet may be permitted.

INDUSTRIAL ZONES
M2 General manufacturing: Allows light and general industrial uses.

Commercial uses are restricted, and new housing is not permitted.
Ml Heavy manufacturing: Allows manufacturing and industrial uses.

Commercial uses are restricted, and new housing is not permitted.
HI Heavy industrial:· Allows general and heavy industrial uses. Most

commercial uses are restricted. New residential uses are not
permitted.

OVERLAY ZONE
S Signboard control: Restricts and regulates signs near bridges and

certain highways.

WILLAMETTE RIVER' OVERLAY ZONES
Selected designations related to public access, open space and land use
along the Willamette River

RI River Industrial
RD River Development
RR River Recreational
RN River Natural

2-5
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• TABLE 2.2-2

CITY OF PORTLAND ZONING CODE DESIGNATION CHANGES

OLD DESIGNATION

Willamette Industrial (WI)
Willamette Scenic Development (WSD)
Willamette Scenic Recreational (WSR)
Willamette Natural (WN)

Source: City of Portland 1987

NEW DESIGNATION

River Industrial (RI)
River Development (RD)
River Recreational (RR)
River Natural (RN)

•

••

devoid of natural vegetation. The vegetation that exists is mostly

brush, small trees, and blackberries along the property fenceline. A

few evergreen trees are located near the office building. Some vegeta

tion exists along most of the east Doane Lake remnant shoreline, but is

absent next to the plant site where battery casing fragments are pres

ent.

The Tualatin Mountains, which rise directly southwest of the site,

are characterized by second-growth forests of Douglas fir (Pseudotsuga

menziesii) and western hemlock (Tsuga heteroohylla). Deciduous trees

such as big-leaf maple (Acer macrophyllum), alder (Alnus rubra), Oregon

ash (Fraxinus oregona), cottonwood (Populus trichocarpa), vine maple

(Acer circinatum), and::ascara (Ramnus purshiana) probably occur on

these slopes (Franklin and Dyrness 1973). Common understory shrubs

should include salal (Gaultheria sha1lon), Oregon grape (Berberis

nervosa), devil's club (Echinopanax horridum), and salmonberry (Rubus

spectabilis) (Franklin and Dyrness 1973).

2.3.2 Wildlife

Occurrence of animals at the site is low, since the habitat neces-

sary to support onsite f auna is limited. Common animal species that

have been seen onsite include ground squirrels (probably Otosoermoohilus

beechvi), mallards (.:l.nas :llatvrhynchos) that are resident on the pond,

and passerine bird spec~es that Eeed in the brushy, weedy areas around

2-6
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the site perimeter (Moore 1986b). A bobcat (Lynx rufus) has reportedly

been seen near the site in the vicinity of Doane Lake on a regular basis

(Moore 1986b). It undoubtedly resides in the mountains west of the site.

Blacktail deer (Odocoileus hemionus) are also occasionally sighted

outside. the fenced area. A red fox has also been spotted on the Rhone

Poulenc property.

2.3.3 Aquatic Resources

It is doubtful that any fish reside in either remnant since natural

water sources and discharges are limited. During field sampling activi

ties, numerous aquatic insects and frogs were observed in the West Doane

Lake remnant. None were observed during concurrent sampling in the East

Doane Lake remnant, although frogs reportedly have been seen in East

Doane Lake.

Numerous fish species reside in or migrate through the lower reach

of the Willame~te River in the vicinity of the site (Oregon Department

of Fis~ and Wildli(e 1972, 1986). These species (and their status as

resident or migrant species) are listed in Table 2.3-1.

2.3.4 Rare, Threatened, or Endangered Species

No state or federally designated rare, threatened, or endangered

species are known to inhabit the site.

2.3.5 Sensitive Species or Habitats

No sensitive species are known to inhabit the site. The Willamette

River flows approximately 1,000 feet northeast of the site and could be

considered a sensitive habitat. This area of the Willamette River is

near its confluence with the Columbia River. Substantial waterfowl and

other bird groups use :~e Lower Columbia River for feeding, nes~ing, and

resting. The Willamec:e ~iver is also a migratory corridor for several

anadromous fish speci~s .

2-7
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• TABLE 2.3-1

FISH SPECIES IDENTIFIED FROM THE WILLAMETTE RIVER
IN THE VICINITY OF THE NL/GOULD SITE

•

SPECIES

Chinook Salmon (Oncorhynchus tshawystchal
Coho Salmon (Oncorhynchus ketal
Steelhead (Salmo gairdneril
American Shad (Alosa sapidissimal
Largemouth Bass (Micropterus salmoidesl
Smallmouth Bass (Micropterus dolomieui>

Crappie (Pomoxis sp.l
Bluegill (Lepomis macrochirusl
Walleye (Stizostedion vitreum vitreuml
Northern Squawfish (Ptychocheilus oregonensisl
Catfish (Ictalurus sp.l

Mountain Whitefish (Prosopium williamsonil
Carp (Cyprinus sp.>
Sucker (Catostomidae>
Peamouth (Mylocheilus caurinusl
Chiselmouth (Acrocheilus alutaceusl

STATUS

Spring and fall migrant

Migrant
Summer and winter migrant

Migrant
Resident

Resident
Resident
Resident
Resident
Resident
Resident

Resident
Resident
Resident
Resident
Resident

••

Source: Oregon Department of Fish & Wildlife 1972, 1986.

2.3.6 Parks and Recreation Areas

Forest Park lies southwest of the site in the Tualatin Mountains.

Its northwestern boundary lies within about 350 feet of the study area.

The park is very large, however, encompassing some 4,700 acres in an area

8 miles long by 1 mile wide. Much of the park has limited access and low

public use. This is especially true for portions nearest the study area.

A public boat launch is located underneath St. John's Bridge, approxi

mately 1 mile downstream of ~he site.

2-8
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2.3.7 Natural Resource Development

Traditional natural resource development (timber harvest, mineral

extraction, or water use) has virtually no potential within the near

vicinity of the site. Much of the surrounding area has been previously

developed for industrial uses.

2.4 CLIMATOLOGY

2.4.1 Regional Weather Patterns

The Pacific Ocean is the single most important geographic feature

of the climate in western Oregon. The unlimited supply of moisture

available to airmasses that move across the Pacific Ocean is largely

responsible for the abundant rainfall over the western part of the

state. Portland is situated about 65 miles inland from the Pacific·

Coast.

Two mountain ranges which run the full north-south length of the

state exert an important influence on weather in the Portland region.

The Coast Range, rising between 2,000 and 3,000 feet above sea level,

provides limited shielding to the Portland area from the Pacific Ocean.

The Coast Range forms the western boundary of the broad Willamette

Valley and runs in ,a northerly direction about 30 miles west of

Portland.

The Cascade Range, which parallels the Coast Range, is located

approximately 30 miles east of Portland. The Cascades rise from the

eastern edge of the willamette Valley to an average height of about

5,000 feet above sea level. They provide a steep slope for topographic

lift of moisture-laden, westerly winds which result in moderate rain

fall. These mountains also form a barrier against continental airmasses

'.\Ihich originate over the interior Columbia 3asin to the east. The

Columbia Gorge winds through the rugged Cascade Range. Portland is

located near the conf Luence of the Columbia and Willamette rivers and

river basins.

2-9
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Airflow is usually northwesterly in the Portland area in spring and

summer ,and southeasterly in fall and winter. This pattern is inter

rupted infrequently by winds of dry continental air moving westward

through the Cascade passes. The winter season is marked by relatively

mild temperatures, cloudy skies and rain with southeasterly surface

winds predominating. Summer produces mild temperatures, northwesterly

winds and very little precipitation. Fall and spring weather patterns

are transitional in nature.

Fall and early winter experience the highest incidence of fog.

Portland experiences about 34 days per year when fog reduces visibility

to less than one quarter mile (Ruffner 1985). In all seasons, incur

sions of coastal marine air are a frequent moderating influence.

Outbreaks of continental high pressure from east of the Cascades produce

strong easterly flow through the Columbia Gorge into the Portland area.

In winter, this brings the coldest weather with the extremes of low tem

pe~ature registered in the cold airmass.

2.4.2 Local Climate

The United States Weather Service Station in Portland is located at

Portland International Airport, six miles north-northeast of downtown

Portland. This location is about six miles east of the Gould property.

Climatalogical data collected at this station is generally represen

tative of weather conditions at the site.

2.4.2.1 Wind

Destructive. storms are infrequent in the Portland area. Surface

winds seldom exceed gale force, although several times each year winds

reaching hurricane forces of 74 miles per hour (mph) and over strike the

coast. These winds sometimes move inland to the western valleys and up

the Columbia Gorge. The few tornados reported have been short-lived.

The pr'eva.i l.Lnq wi nd direction Ln the Portland area is strongly

influenced by the sur r ound i nq terrain. In the Columbia. Gorge, the

prevailing wind direction follows ~he orientation of the gorge at that

point. Similarly, ?revailing wind directions in the Willamette valley

2-10
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are aligned north-south with the valley. Very strong winds are deter

mined by-the direction of the major storm movements, and tend to be from

the south or west. Light winds greatly outnumber the strong winds, with

mountain slopes and other topographic features influencing their

direction.

Mean wind speed at the Portland airport varies from about 6.5 mph

during September and October to 10.1 mph during January. The annual

mean wind speed is 7.9 mph (Ruffner 1985).

Wind direction at the NL/Gould site is strongly influenced by the

topographic feature of the hillside southwest of the site. ReSUlting

wind directions tend to be west-southeast along the Willamette River. A

wind rose for a wind monitoring station, located next to the NL/Gould

site for the period February 1977 through August 1980, is shown in

Figure 2.4-1.

2.4.2.2 Temperature

Normally, temperatures in the Portland area are mild. Hot, dry

continental airmasses moving westward down the Columbia Gorge bring the

highest summer temperatures. The highest recorded temperature in

Portland was 107° Farenheit (Fl. The continental airmasses moving down

the Columbia Gorge also bring the coldest weather in winter. The lowest

recorded temperature in Portland was -3°F.

On average, only ten days per year experience maximum dai 1y tem

peratures greater than 90°F. The average maximum daily temperature for

the year is 62°F. Maximum daily temperatures average from 79.5°F in

JUly to 44.3°F in January. On average, the maximum daily temperature is

less than 32°F only four days per year.

The average minimum daily temperature for the year is 44°F. Mini

mum daily temperatures vary :rom 55.8°F in July and August to 33.5°F in

January. Approximately 43 days ~er year experience minimum temperatures

below 32°F (Ruffner 1985l.

2-11

scoEPA00004152



3.

E:
3.63

::: ,\
L..I

2.13

~''-ole
2.65

N; r
I -IL..

1.28

SSF
1. 81

i'J f\! t.
1. 28

N
1. 92

S
1. 16

NUMBERS INDICATE SECTOR MEAN WINO SPEED

i\jNW
2.45

SII'J
1. 49

NW
2.15

WSW
1.34

WNW
1. 88

\.\i
."

1. 56

•

•

WINO SPEED RANGE

SOURCS:

OREGON OEPT. OF ENVIRONMENTAL. QUAL.ITY

NL INO. INC./GOULD. INC.
REMEDIAL. IHVEST1GAT10H

WINO FREQUENCY OISTRIBUTIO

STANDARD OIL. SITE

FEB. S. 1977 TO AUG. 29. 198C

••
o 0 - 2

1m 2-4

~ 4 - 8

!Ill 8 -12

~ >12

..
<"J
o
I-~

lD--

MIS

FIG. 2.4-1 OAMES &0 ,",0'

scoEPA00004153



•

•

••

2.4.2.3 Precipitation

Portland has a very definite winter rainfall climate. Approxi

mately 88 percent of the total annual precipitation occurs in the months

of October through May, 9 percent in June and September, and only 3

percent in July and August. There are an average of 227 cloudy days

per year in Portland.

Precipitation in the Portland area is mostly rain. Average rain

fall is 37.39 inches. Monthly averages vary from 0.46 inches in July to

6.41 inches in December. The maximum monthly rainfall on record for the

Portland area was 20.14 inches in December 1982. On average, there are

only 5 days per year with measurable snow. The snowfall is seldom more

than a few inches; the greatest amount measured on record was 16 inches

(Ruffner 1985).

2.4.2.4 Evapotranspiration

There are no known quantitative data on transpiration ~or grass

lands in the vicinity of the Gould site. Transpiration from the site is

judged to be very low because of the lack of vegetation, other than

grasses. Indeed, onsite grasses have very patchy distribution except in

the area of the "clay cap" placed on the ESCO property.

Evaporation data are not collected by the Weather Bureau in Port

land. United States Geological Survey (USGS) has used data from

Corvallis, Oregon (Hart & Newcomb 1965) to estimate evaporation for

Portland, and has used data from Seattle, Washington and Wind River,

Washington to estimate evaporation for Vancouver, Washington (Table

2.4-1; Mundorff 1964). As expected, evaporation is high when precipi

tation is low and vice versa. Thus, evaporation will have minimal

effect on recharge .
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• TABLE 2.4-1

AVERAGE TOTAL EVAPORATION
IN WESTERN WASHINGTON

TOTAL EVAPORATION (Inches)l
LOCATION JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC

Maple Leaf 0.50 2 0.59 1. 76 2.91 4.40 4.77 8.28 4.97 3.25 1.55 0.85 0.53
Reservoir,
Seattle

Wind River 3.20 4.86 5.55 7.07 6.82 3.50 1.57
(Skamania
County)

1) Measured in Standard Weather Bureau Class A land pan, 4-foot diameter.

~ 2) Estimated by Mundorff (1964).

Indicates data'are not available.

Source: Mundorff (1964)

~

~
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The former Doane' Lake has been filled over the years until only two

remnants remain in the study area (Figure 1.3-2). The West Doane Lake

remnant is adjacent to the railroad tracks along the northwestern boun

dary of the study area. It has' an average surface elevation of about

26.5 feet and is dammed at the north end. There is no overflow pipe or

channel. The East Doane Lake remnant lies on or adjacent to property

owned by Gould Inc.; Schnitzer Investment Corporation; and American

Steel Industries. It has an average surface elevation of about; 28.0

feet (City of Portland datum). At approximately 30.5 feet, the east

remnant overflows and drains into a storm drain catch basin located

along N.W. Front Avenue. The storm drain catch basin drains directly to

the Willamette River.

1.3.4 Other Information

A map of the Gould property (Figure 1.3-4) shows the plant layout as

it was when Gould purchased the facility from NL Industries in 1979.

Plant conditions had changed little since it was first constructed by

Kirk.& Sons in 1948. Exceptions are the additions of the warehouse in

1950 and the lead oxide facility in 1965.

Gould property conditions as they currently exist are shown on

Figure 1.3-4. The only structures that currently remain on the property

are the field office and cafeteria/welfare building, as indicated on

Figure 1.3-4. Although the paved area has remained essentially unchanged

since 1979, some additional fill material has been placed into the East

Doane Lake remnant since that time. Piles of battery casing fragments,

containing metallic lead and lead oxide, exist along the southern edge

of this remnant. Additional debris, wastes deposited by adjacent

industries, lies buried on and off the Gould property. Composition of

this debris includes hydrated lime, construction debris, and automobile

interiors.

Properties other than Gould that make up portions of the study area

include Rhone-Poulenc Inc.; Liquid Air Corporation; Pennwalt Corporation;

Schnitzer Investment Corporation; ESCO Corporation; and American Steel

rndustries,rnc. (see Figure 1.3-2). The chemical facility now owned
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by Rhone-Poulenc was originally built in 1943 by Chipman Chemical

Company. Chipman sold the property to Rhodia, Inc. in 1964. Rhodia, a

French firm, eventually became the Rhone-Poulenc Agrochemical Division

when the French government nationalized Rhodia several years ago. The

firm has changed names from time-to-time, but continues under the

ownership of Rhodia to the present time.

The facility, under Chipman, initially produced a herbicide to

control vegetation along railroad tracks. Insecticides were produced at

the facility in the late 1940s. Production of 2,4-D began in 1956 and

ended in 1982. A herbicide known as 2-methol-4-chlorol-phenoxyacetic

acid (MCPA) was produced at the facility from 1960 to 1976. Production

of 2,4-DB at the facility began in 1963 and ended in 1982. Esters were

produced at the facility from 1956 to 1983 and Viromoxyniloctanoate from

1971 to the present time.

During the facility's early years of operation by Chipman, produc

tion effluent was discharged into Doane Lake. "Chlorinization of the

effluent was initiated in" 196·4 "and an activated charcoal filter process

was added in 1969. Beginning in 1971, treated wastewater was disposed

into the City of Portland sewer system. A rainwater collection and

treatment facility was constructed in 1977 to intercept surface runoff

before it could carry, any potential contamination off site. An inter

mittently operated, ground-water treatment and monitoring system was

installed in 1981; a routine system of water level measurements '.oIith

periodic sampling and testing have been in place since that time.

The ESCO property, adjacent to Gould, was also created by the

filling of Doane Lake. Fill materials probably came from a variety of

sources. Based on subsurface investigations, it appears to consist

principally of foundry sand and slag gravels from an ESCO steel mill

located outside the study area. There has been no construction on the

ESCO 9roperty, with the ~xception of some underground utili ties along

N.W. ~ront Avenue and an electric 90werline along the southeastern 9ro

perty line (adjacent to the Gould 9ropertyl.

The Liquid Air Eacilicy is located on 9roperty leased from Schnitzer

Investment Corporation. The 91ant was constructed becween 1940 and 1948
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by Industrial Air and later sold to Liquid Air Corporation. It has been

expanded-from time-to-time. The plant manufactures only acetylene gas,

but serves as a distributor for various other industrial gases which

they receive in bulk from other sources.

In the production of acetylene gas, calcium carbide and water are

combined with hydrated lime as a byproduct. This lime was disposed of

in Doane Lake for many years. It was later placed in a holding area

separated from the East Doane Lake remnant by a dike. For a time, lime

was reclaimed from the lake, but details and dates on this activity are

not available. Liquid Air now retains the lime byproduct in storage

tanks for resale.

The Portland Pennwalt plant, built in 1941, produces chlorine by

electrolytic decomposition of salt (sodium chloride). There is an on

site lagoon for holding brine purification sludge. More hazardous

byproducts, such as sodium arsenite, are shipped to a hazardous waste

management f~cility in Arlington, Oregon for disposal (Willamette Week

1985) •

American Steel Industries operates a steel warehousing facility

adjacent to the Gould property. It was formerly owned by Gilmore Steel.

Fill materials were used on the American Steel property as well.

1.4 NATURE AND EXTENT OF THE PROBLEM

1.4.1 Characteristics and Extent of Wastes

Wastes produced by the secondary lead smelting facility consisted

of battery casing f~agments, sulfuric acid, matte, sweeping and cleaning

residues, and off-gases. Disposal methods for these wastes are summar

ized briefly below, and are discussed in length in Section 3.0.

After the batteries ~ere decased, the casings were sent through a

mill that reduced t~~~ :0 ~oarse :ragments. These fragments were then

disposed of in IJoar.e :..a.:<.e:m or immediately adjacent to the smelting

facility. The locac::~s lnd ~uantities of battery casing fragments pro

duced during the '-.:..:~ :: :;;e :acility are discussed in Section 3.2.3.
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Test results indicate that the amount of metallic lead plus lead oxide

in the battery casing fragments ranges between 3.1 and 14.5 percent.

During most of the life of the facility, the battery acid drained

directly into Doane Lake. On January 16 and January 30, 1978, two

truck-loads of acid waste were sent to a hazardous waste management

facility in Arlington, Oregon for disposal. After January 1, 1980,

waste acid was neutralized with ammonia and discharged into the Portland

sanitary sewer system. Based on reported production rates, some 6.5

million gallons of battery acid were discharged into Doane Lake between

1949 and 1973 (Section 3.2.4).

Almost 12,000 tons of matte are estimated to have been produced

during the life of the facility (Section 3.2.1). This material contains

a number of impurities, but is characteristically high in metals such as

iron, lead, arsenic, and antimony. All matte was disposed of on-site

(Section 3.2.3).

Sweepings and cleaning residue from the zinc melting and alloys

process consisted of zinc, copper, and minor amounts of magnesium that

were cleaned from the alloy room floor on a daily basis and placed in

55-gallon steel drums. The filled drums were deposited in Doane Lake on

the plant site. The ~otal volume of disposal sweepings is unknown, but

it was small in comparison to other waste discharges.

Off-gases from the blast and reverberatory furnace, along with dust

from the fume hood, were sent through an air pollution control unit

called the baghouse. The bagho~se was designed to filter the hazardous

material emissions before off-gases were released to the atmosphere.

During the life of the facility, many violations and/or complaints were

received due to excessive baghouse emissions. Based on information in

DEQ and EPA files, a list of these violations and complaints is included

in Table 1. 3-1.

1-19

scoEPA00004159



•

•

••

1.4.2 Special Waste Considerations

Other types of waste are described in Section 3.2.2. Special waste

considerations for the study area are extremes in pH that were noted in

several water samples during the Remedial Investigation, and organics in

ground water from off-site sources. Long-term storage of this water in

drums or other metallic containers may create corrosion problems.

Excavation, removal, or transport of contaminated soil and waste debris

is a concern with regard to airborne particulates, particularly lead,

and requires special considerations such as dust control, use of ade

quate personal safety equipment, and containment during off-site

transport.

1.4.3 Present Conditions of Materials and Structures

The secondary lead smelting facilities that existed in early 1979

(see Figure 1. 3-4) have been removed. The field office building and

cafeteria/welfare building are the only remaining structures. Alchem

Western, Inc. still has one large piece of equipment on site, as pre

viously mentioned in Section 1.3.2. As discussed in Section 3.2.3,

plant facility waste debris is buried both on and off the Gould property

as part of the extensive landfill that occupies the study area (Section

3.2.2).

1.4.4 Planned Changes in Site

Planned changes in the study area include removal and/or contain

ment of contaminated materials to provide an environment acceptable for

public health and safety. The study area is zoned industrial by the

City of Portland. There are no known plans to change this status.

There are no known plans for construction on the Gould or ESCO proper

ties.

1.4.5 Potential Pathways and Imcacts of Contaminants from Site.

Potential pathways for the spread of contamination include air,

soil, surface water and ground water. Contaminated airborne- particles

might spread from axposed 9i1es of battery casing fragments, matte and
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soil. Precipitation runoff passing over contaminated materials could

carry leachates along surface drainages and into existing bodies of sur

face water. Surface vegetation and aquatic organisms might absorb con

taminants, which could later be passed on to various forms of animal

life. Precipitation migrating downward through buried contaminated

materials may transmit contaminants to the ground water, where they would

migrate laterally and vertically within local aquifers.

The actual contaminants found during the study investigation, as

well as their concentrations, direction, and speed of migration are

discussed quantitatively in Section 4.0.

1.4.6 Previous Actions to Mitigate Problem

The contamination problem related to the secondary lead smelting

facility has been recognized for some time. Records indicate that the

Air Quality Control Division of the Portland Bureau of Health pointed

out the potential for airborne lead emissions as early as 1966. DEQ

documented that facility. discharges into Doane Lake contained 9.5 and

10.3 parts per million (ppm) lead in 1973. As indicated in Table 1.3-1,

numerous complaints and/or violations were recorded over the years.

However, most of the available records indicate only the problem.

Attempts to solve or reduce these problems remain largely unrecorded.

Available information' on "actions taken to mitigate the contamination

problem includes:

o

o

The initiation of a respirator program for facility employees

by Kirk & Sons in 1966.

The curtailment of smelting operations in 1973 by NL rndustries,

in spite of rising lead prices.

The trial shipment of waste acid to a hazardous waste manage

ment facility in Arlington, Oregon, in 1978 by NL rndustries.

••
o

o Provisions

lize the

iniciated by Gould rnc. in January 1980 to neutra

~asce acid with ammonia and discharge into the

Portland sanitary sewer system.
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• 0 The terminations of battery decasing operations in April 1981

-and lead oxide production in May 1981 by Gould Inc.

0 The closing of the facility in August 1981 by Gould Inc. , and

the disposal of most of the buildings and equipment in 1982.

o

o

The mobilization of Alchem Western equipment and personnel to

the plant site, as authorized by Gould, in an attempt to

recover battery casing fragments and lead from the East Doane

Lake remnant in January 1984. Equipment problems forced the

abandonment of this project.

Covering the piles of battery casing fragments along the East

Doane Lake remnant pond with waterproofed canvas sheets to

control dust, in April 1986.

•

••

In an effort to define the types; concentrations, and extent of

contamination on the plant site, gould Inc. retained Dames , Moore in

1982 to perform subsurface soil drilling and sampling, well installa

tion, ground-water monitoring, chemical testing, and ambient air quality

monitoring.
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3.0 HAZARDOUS SUBSTANCES INVESTIGATION

3.1 INTRODUCTION

The following sections describe the source, type, location, and com

position of the wastes identified during the Gould Remedial Investiga

tion. The information presented is based on both historical records

(agency files, aerial photographs and reports from previous investiga

tions, etc.) and the results of the field investigation at the site. In

addition, the characteristics and behavior of the identified waste com

ponents (including toxicity, bioaccumulation, metabolism, environmental

transformation and transport behavior) are discussed.

The principal contaminant investigated during the Gould Remedial

Investigation was lead. A limited number of samples were also analyzed

for arsenic, zinc, chromium, cadmium, and sulfate. The primary sources

of these contaminants were shredded battery casings, battery electrolyte

(acid), and blast furnace matte resulting from· the operations on the

~ould site.

3.2 WASTE TYPES

The primary waste sources identified during the Gould Remedial

Investigation were a secondary lead smelter and related processes

operated from 1949 to 1980 on the Gould site. Hard rubber <ebonite > and

plastic battery casing fragments, sulfuric acid, blast furnace matte and

sweepings from zinc melting and alloying were the main wastes produced

by these processes. Additional wastes were disposed on the investiga

tion site by adjacent industries. The wastes produced by these adjacent

industries included hydrated lime, acetylene residues, and shredded

automobile interiors. Landfilling on and in the site vicinity also

contributed to the wastes at the site. In addition, contamination

released by the primary waste sources described above accumulated at

other locations creat~~g ?otential secondary waste sources. These

potential secondary ·Nas~e sources include accumulations in surface

soils, subsurface soils, ~nd sedi~ents.
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3.2.1 Site Process Waste Sources

This section describes the wastes produced from sources located on

the Gould site. The secondary lead smelter and related operations are

described and the wastes generated by these processes are identified.

3.2.1.1 Smelter Operations

Morris P. Kirk & Sons operated the secondary lead smelting facility

from 1949 to 1971, when it was purchased by NL Industries. NL closed

the smelting operations on July 30, 1973 and sold the plant to Gould

Inc. in January 1979. Gould terminated lead refining in January 1980,

and the entire facility was closed in August 1981. A chronological

history of the site operations is presented in Table 1.3-1.

The processes operated on the Gould site are shown on the process

flow diagram (Figure 3.2-1>. As indicated on this figure, the waste

streams reSUlting from the battery recycling smelter processes were:

(1) battery (sulfuric) acid, (2) shredded hard rubber and plastic bat

tery casings, (3) shredded plastic battery tops, arid (4) blast furnace

matte. A description of the battery casing recycle operation is pre

sented below.

The battery tops were cut off and the untreated sulfuric acid was

drained to a sump which flowed into the Doane Lake remnant adjacent to
I

the Gould site. After October 1976, the acid was neutralized and

discharged to the City of Portland sewer system. The casings, tops and

electrode elements (groups) were placed in separate storage bins. The

casings were shredded and eventually used as fill material on the Gould

site and adjacent properties (Section 3.2.3). The tops were shredded

and separated, with the lead materials going to the blast furnace and

the plastic tops used as fill materials. The electrode elements were

fed directly to the blast furnace. Flue dust from the blast furnace,

the reverberatory furnace and the pot room were recycled to the blast

furnace. Furnace slag from the blast furnace was separated into three

layers as it cooled: slag, matte and speiss. Furnace slag from
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the reverberatory furnace and the speiss and slag from the b~ast furnace

were recycled back to the blast furnace. The only waste stream result

ing from the blast furnace was the matte.

3.2.1.2 Other Site Operations

The other operations on the Gould site included lead oxide manu

facturing,' zinc alloying and copper wire stripping processes. The wastes

produced by the zinc alloying process included sweepings and cleaning

residues (Figure 3.2-1). The wastes produced by the copper wire strip

ping process included plastic insulation materials and recycled lead.

3.2.2 Other Potential Waste Sources

This section describes potential sources and waste types resulting

from industries adjacent to the Gould site and landfilling operations.

Possible' secondary sources are also described.

3.2.2.1 Adjacent Industries

The industries located adjacent to the Gould site include American

Steel Industries, Rhone-Poulenc Inc., ESCO Corporation, Schnitzer/Liquid

Air Corporation, and Pennwalt Corporation (Figure 1.3-2). The major

wastes identified from these adjacent industries included shredded auto

mobile interiors from an I unknown source on the Schnitzer/Liquid Air

property, herbicides and other organics (phenols) and demolition debris

from Rhone-Poulenc, steel scrap and zirconium casting sand from an ESCO

steel mill outside of the study area, lime and alkaline acetylene waste

from Liquid Air, and metallic wastes from Pennwalt.

3.2.2.2 Landfilling Operations

The materials used during the landfilling operations at the inves

tigation site varied widely. Hydraulic fill dredged from the Willamette

River and quarry rock were used as well as significant quantities of

foundry sand, steel mill slag and construction debris such as concrete

rubble, brick, wood, asphalt and natural soil. As described above, the

fill materials also included indus~rial waste materials such as battery
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casing fragments, blast furnace matte, shredded automobile interiors and

alkaline acetylene waste.

Available aerial photographs taken since 1936, and topographic

mapping as early as 1884, indicate that the study area now occupied by

the Gould property and adjacent industries was formed by gradual and

intermittent filling of a fairly large body of shallow water known as

Doane Lake (Figure 3.2-2). Originally, a sand bar or mud bank was pre

sent between the Willamette River and Doane Lake. By 1936, however, all

the study area properties, with the exception of ESCO and a portion of

Rhone-Poulenc, had already been formed by filling the lake. These

pre-1936 fills appear to have been primarily from hydraulic dredging of

the Willamette River and from rock quarries.

Between the time air photos were taken in 1936 and 1948, there was

relatively little landfilling activity. The Liquid Air facility was

constructed sometime between 1940 and 1948 and the Pennwalt facility was

built in 1941. Some grading was undoubtedly required prior to constr~c

tion, but essentially no new landfill areas in Doane Lake were created

by these additional industries.

By the time of the May 1957 air photos, Morris P. Kirk & Sons had

operated the secondary lead smelter for about eight years. Battery

casing fragments and other debris had been filled into Doane Lake and

occupied most of the shoreline adjacent to the plant area. ESCO had

begun to place foundry sand and slag into the lake at the corner of what

was later to be Front Avenue and the northernmost corner of the NL prop

erty (Figure 3.2-2).

By the time the December 1963 air photos were taken, a large pile

of battery casing debris was evident in Doane Lake along the northwest

side of the plant area. Debris also extended into the lake along the

entire plant area shoreline to the northeast. ESCO landfill had also

expanded considerably and 'Nas 'Nithin about 100 feet of the battery

casing debris. In addition, ~hone-Poulanc had begun to place landfill

in the area to the north of their ?lant.
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At the end of October 1969, Doane Lake had been divided into two

remnants (east and west) by the continued landfill activity of ESCO,

Rhone-Poulenc, and Morris P. Kirk & Sons. Liquid Air and Gilmore Steel

<later American Steel) appear to have placed minor quantities of fill

along the lake shore adjacent to their respective properties, perhaps to

raise the grade and stabilize shorelines.

Between the 1969 and 1972 air photos, considerable landfill was

placed in a portion of the East Doane Lake remnant, which occupied th~

northwesterly half of the LiqUid Air property. By August 1972, the West

Doane Lake remnant continued to shrink in size as landfill placement

continued by Rhone-Poulenc and ESCO. Aeri~l photographs dated August 3,

1972 also show fill placement on'the Pennwalt property for the purpose

of raising existing site grade (Figure 3.2-2).

By the time of the October 1979 air photos, the East and West Doane

Lake remnants were essentially the same as they presently exist (Figure

1.3-4). A holding pond was present adjacent to the northwesterly end of

the Liquid Air building, presumably for the purpose of storing lime

byproduct from acetylene manufacturing. This pond has subsequently been

filled. Landfill placement by Rhone-Poulenc and ESCO had ceased by this

time. Gould had discontinued purchasing batteries, but a considerable

inventory of stockpiled batteries were still on hand for processing.

For this reason, battery casing debris continued for a time to be placed

into the East Doane Lake remnant in the northerly portion of the Gould

property. Some reduction in the size of the east remnant occurred along

N.W. Front Street as a result of a sewer line project during early to

mid-1979. Material excavated for the line was apparently placed into

the east side of the East Doane Lake remnant.

3.2.2.3 Secondary Sources

The primary waste sources described above may have released other

contaminants into soil and ground water. If these materials were suf

ficiently contaminated, they would become potential secondary sources of

the contamination. These potential secondary sources included surface

and subsurface soils on the Gould site and adjacent proper t i.es , and

sediments in the Doane Lake ~emnants.
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3.2.3 Disposal Locations

The disposal locations for the battery casing, blast furnace matte

and other wastes were described above (Section 3.2.2.2). This section

further discusses the disposal locations and includes a summary of the

results of field investigations conducted to verify the historic loca

tions identified for these wastes. Additional discussions of these

field investigations are presented in other sections of this report

(Sections 4.2 and 4.3).

3.2.3.1 Historic Disposal Locations

The various waste products from the Gould site operations were

disposed in Doane Lake as close to the plant facility as possible. It

has been reported that during the years of smelter operations <1949

1973), all battery casing fragments were used as fill material on the

Rhone-Poulenc property, along the northwest corner of the plant site.

This area was formerly owned by the railroad. Matte and other debris

were used as fill material along the northeast portion' of the pla·nt

site. It was reportedly not until after 1973 that any battery casing

fragments were disposed on the plant site and these were reportedly

placed over the previous matte waste deposits (Moore 1986a).

3.2.3.2 Results of Remedial Investigation

The historical battery casing disposal locations were verified by a

test pit program and surface surveys. Ten test pits were dug off site

on the Rhone-Poulenc and ESCO properties to verify the lateral extent of

buried battery casings (Figure 3.2-31. The test pit depths ranged from

8.5 to 12.5 feet, usually to ground water. Geologic logs of the test

pits were made by a Dames & ~oore geologist and photographs of the test

pit side wall were taken. The test pit logs are presented in Appendix

04.

••
Onsite

approximate

property.

surface surve~s ~ere conducted to verify the loca~ions and

volume of s~r:ace battery casing piles on the Gould

Four main ar~a3 of surface battery casing disposal were
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identified (Figure 3.2-3). As described below (Section 3~2.4.2), these

locations were used for battery casing sample collection. Test pit

results verified the reported locations of battery casing disposal along

the northwest edge of the Gould property. The surface surveys and bat

tery casing sampling confirm the reported disposal locations along the

northeastern edge of the property.

Additional battery casings have been used as fill material for a

road and part of the parking lot on the Gould property along the pro

perty boundary between the eastern edge of the Gould property and

American Steel property (Figure 3.2-3). A maximum depth of 18 inches

was reported, so the total volume of material is small compared to the

major disposal areas described above, within the limitations of the

overall estimate of materials on site.

The reported matte disposal locations were verified by a test pit

program. Seventeen test pits were made on the Gould property near the

edge of the East Doane Lake remnant (Figure 3.2-4). The test pit depths

ranged from 0.5 to 3.0 feet, usually to ground water. Due to the hard

ness of the matte material, some test pits were not advanced to ground

water. Geologic logs of the test pits were made by a Dames & Moore

geologist and photographs of test pits were taken. The test pit logs

are presented in Appendix D4.

The test pit results verified the matte disposal locations along

the northeastern edge of the Gould property. Due to the shallow depth

to ground water (approximately 3 feet) and the hardness of t~e matte

material, the vertical extent of the matte could not be determined in

the test pits.

The disposal locations of the wastes from the industries located

adjacent to the Gould property were verified by surface surveys (Figure

3.2-3). The alkaline acetylene wastes from Liquid Air and the shredded

autobodies from the American Steel facility were found along the edge of

these properties and the ~ast Doane Lake remnant .
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Secondary sources were identified during the field investigations

at the site. Surface soils with the highest lead concentrations were

located on the Gould property and on the adjacent Rhone-Poulenc prop

erty. These locations correspond with known smelter operations and

disposal locations. The highest lead concentrations in subsurface soils

samples were detected at Well W-7S in the vicinity of the battery

casings disposal area (Section 4.2.4). The highest lead concentrations

in the sediments were found in the East Doane Lake remnant, with lower

concentrations detected in the west remnant (Section 4.2.5). The high

lead concentrations in these materials make these contaminated surface

soils, subsurface soils, and sediments potential secondary sources.

3.2.4 Waste Quantities, Components and Composition

This section describes the quantities, components and composition

of the wastes identified at the site. These wastes include both primary

wastes, such as battery casing and matte materials, and secondary

wastes, such as contaminated surface soils, subsurface soils and sedi

ments.

The quantities of waste produced at the Gould site and the quan

tities of waste disposed off site and on site were estimated using the

following information sources: (1) personal communi.ca t i ons with site

personnel (Gene Moore); ('2) aerial photographs and topographic maps;

and (3) the field investigation results. Information obtained from com

munications ~ith Mr. Moore resulted in generating approximate production

rates and disposal loca~ions for battery casings and matte. The aerial

photographs, topographic maps and information from conununications with

Mr. Moore were used to develop a fill thickness contour map (Figure

4.2-26) • This map was used to estimate the vol urnes of battery casing

materials in areas where the lateral extent of the waste 'iad been

established. The field investigations results were used to evaluate the

lateral extent of the battery casing and matte materials and to verify

the fill thickness map estimations. The components and composition of

the wastes were assessed by [?hysical inspection and chemical analysis .
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3.2.4.1 Waste Quantities and Components

The lead smelter on the Gould property operated between 1949 and

1973. During this period, a daily production of approximately 35 to 40

tons of lead has been reported. Approximately 75 percent of this daily

lead production resulted from lead-acid batteries. The furnace operated

on a 24-hour schedule with 10 days on and 10 days off to allow time for

cleanout.

The average recycled automobile battery weighed about 39 pounds.

It contained 24 pounds of lead and lead oxide, one-half gallon (5.4

pounds) of sulfuric acid, and approxima tely 9.6 pounds of hard rubber

and plastic casing. Approximately 3,000 batteries were processed every

day the furnace was in operation. Since the furnace operated 50 percent

of the time, an overall average of 1,500 batteries were assumed to be

processed daily during the life of the smelter. This results in an

estimate of approximately 274,000 gallons (1,480 tons) of acid and 2,600

tons of battery casings to be disposed of yearly.

In addition to acid and battery casings, a third waste product

called matte was produced by the smelting operation. When the furnace

was operating, impurities were drawn off four times an hour or 96 times

in a 24-hour period. Each withdrawal amounted to about 85 pounds of

which 60 percent or 51 pounds was matte, 32 pounds was slag, and 2

pounds was speiss. The slag and speiss were recycled back to the fur

nace while the matte was used as fill material as discussed above.

Total daily matte production was about 5,400 pounds, but since the fur

nace operated only half the time, the overall production of matte

averaged about 2,700 pounds per day. This results in an estimate of

approximately 493 tons of matte per year that had to be disposed of over

a 24-year period. Estimated daily, yearly, and total waste productions

are presented below (Table 3.2-1).

All of the battery casing fragments produced during this period

(1949-1973) were reportedly disposed off site on the Rhone-Poulenc prop

erty (Figure 3.2-3). The es t i mat ed total production of almost 12, 000

tons of matte '..as reportedly us ed as fill only on the Gould site, just

to the northeast of the facility (Figure 3.2-2).
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• TABLE 3.2-1

LEAD-ACID BATTERY RECYCLING AND SECONDARY LEAD SMELTING
WASTE PRODUCTS PRODUCTION ESTIMATES

GOULD FACILITY 1949 to 19731

Waste

Battery Casing Fragments

Matte

Average Production
Daily Yearly Total

7.2 tons 2,640 tons 63,000 tons

750 ~al. 274,000 ~al. 6,570,000 ~al.4.1 ons 1,480 ons 35,500 ons

1.4 tons 500 tons 11,800 tons

Accurate production figures for. battery casing fragments after 1973

are not available. Reportedly, the work crew operated on a 5~~ay week

wi th many batteries drained of acid and shipped to Los Angeles or

directly overseas for recycling. It appears that relatively small

amounts of battery casing fragments were produced after 1973 as compared

with the quantities produced prior to that date. Based on the limited

estimated production figures, battery casing fragments produced after

1973 probably did not exceed about 12,000 tons. These post-1973 battery

casings were reportedly disposed on top of the matte along the north

eastern side of the Gould property (Figure 3.2-3).

•

1 The smelting furnace operated from 1949 (assume mid-1949) until
July 1973. After the furnace shut down, waste production figures
are less precise and are not included in this table (see
Section 1.0).

The quantity of battery casing materials disposed off site on the

Rhone-Poulenc property was calculated using the test pit results and

the fill thickness contour map, A three-dimensional picture of the

waste volume was construc~ed ~y assuming that wherever battery casings

were found during the tes:: ?l.: proqr arn , the casing material extended

• vertically to the bottom _~ -:::e : ill. This assumption is supported by

• test pit and soil boring ~~s~~:s ~ndicating that where battery casings

are present, battery cas ~.-.:.; -::uckness is approximately equal to the

estimated fill thickness. ~CDsur:ace cross sections were made through
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the off-site battery casing area show~ on Figure 3.2-3 at 50-foot inter

vals. The volume of each of these 50-foot wide cross sectional pieces

was calculated by multiplying the maximum fill depth for that piece

(obtained from the fill thickness map) times the length of the piece

(obtained from the lateral extent information provided by the test pits)

times the SO-foot width.

Using this calculation approach, an estimate of approximately

26,700 cubic yards of battery casing material is located on the Rhone

Poulenc property. The 63,000 tons of battery casings produced between

1949 to 1973, reportedly disposed off site on the Rhone-Poulenc prop

rty, have an approximate volume of 66,700 cubic yards (assuming a den

sity of 70 pounds/cubic. foot). This results in a difference of

approximately 40,000 cubic yards between the volume of battery casings

reportedly produced and disposed on the Rhone-Poulenc property between

1949 and 1973 and the apparent volume of casings actually located on the

Rhone-Poulenc property. A probable explanation for this discrepancy is

presented below.

The amount of fill material placed into the East Doane Lake remnant

along the northeastern boundry of the Gould property is estimated to

be approximately 75,000 cubic yards. This estimate is based on infor

mation obtained from communications with Gene Moore, aerial photographs,

the fill thickness contour map, and surveys of surface battery casing

piles in the area. The volume was calculated by muLt i.pLy i.nq the

approximate lateral extent of the fill (220 feet X 370 feet) times the

average fill thickness for the area (25 feet). Reportedly, 6,000 cubic

yards of this fill is matte (assuming a density of 150 pounds/cubic

foot) and 13,000 cubic yards is the post-1973 battery casings. Survey

results of the surface battery casing piles indicates that these piles

contain approximately 1,700 cubic yards. This results in approximately

54,000 cubic yards of fill unaccounted for .

In addition to the ba t t er y casings and matte, other materials,

including trash, wood, construction debris, and soil, were used as par

tial fill along the northeastern boundary of the Gould property. The

amount of this other material used as fill in the East Doane Lake
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remnant is not known but it is highly unlikely that this material could

account for all of the 54,000 cubic yards of unaccounted fill. There

fore, it is probable that the 40,000 cubic yards of pre-1973 battery

casings that were not found off site on the Rhone-Poulenc property were

actually used as fill on site .n the East Doane Lake remnant. This

conclusion is well-supported by aerial photos from the 1950's and

1960' s , These photos indicate that the material used as fill on the

Rhone-Poulenc property (battery casings> was quite similar in appearance

to the material being used as fill in the East Doane Lake remnant.

Table 3. 2-la summarizes the locations and quanti ties of battery

casings and matte.

TABLE 3. 2-la

BATTERY CASINGS AND MATTE QUANTITIES AND LOCATIONS

The quantities of surface soil, subsurface soil, and sediment con

sidered to be secondary sources were estimated by using total lead and

EP Toxicity data. A quantitative relationship between EP leachate lead

and total soil lead concentrations in the study area was calculated from

the limited number of data points and the variable nature of the

materials. After comparing the total soil lead concentrations to the

corresponding EP Toxicity data (Section 4.2), an assumed total soil lead

concentration of 3,000 mg/kg was estimated to be the limit below which

the EP Toxicity leachate concentration would be below 5.0 mg/l for lead .

Samples 'Hi th total lead concentrations above 3,000 mg/kg were used to

indicate secondary source areas.
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The 3,000 mg/kg threshold for determing secondary sources was esti

mated as follows. The sample with the highest total lead concentration

that did not have a corresponding EP Toxicity leachate lead concentra

tion above 5.0 mg/l was found. The highest total lead concentration

found in the samples analyzed that met this criteria was 1,500 mg/kg,

measured in sediment sample SO-lO and in surface soil sample SS-06

(Appendix C, Table C-3 and C-5). Both of these samples had EP Toxicity

leachate lead concentrations of 0.2 mg/l, well below the maximum of 5.0

mg/l. To account for the variability of samples, the total lead concen

tration of 1,500 mg/kg was doubled and the resulting 3,000 mg/kg con

centration was used as the secondary source threshhold. The secondary

source quantity calculations are described below.

The highest surface soil total lead concentrations were detected in

samples collected on the Gould property and on adjacent Rhone-Poulenc

property. Figure 3.2-5 shows the areas of surface soil that were iden

tified as secondary source areas using the above total lead criteria and

the following assumptions: (1) the depth of the secondary source

material was assumed to be l-foot; and (2) the horizontal extent of the

material was assumed to be 50-feet in any direction from the sample

locations with total lead concentration above 3,000 mg/kg. Using these

assumptions, the quantity of surface soil on the Gould property con

sidered a secondary source is approximately 2,400 cu yds. The quantity

on Rhone-Poulenc property is approximately 970 cu yds.

The highest subsurface soil total lead concentrations were detected

in samples collected from the W-7S boring, in the battery casing

material. The total lead results for samples collected 2-feet below the

bottom of the battery casing material in W-7S indicate that the total

lead concentration decreases to below 1,000 mg/kg (Section 4.2). Based

on this result, we assume that the 3,000 mg/kg isopleth 'for lead in sub

surface soil would be reached approximately 1 foot below the casings and

matte. Therefore, the subsurface soils considered secondary sources are

the soils within one foot of ~he bottom and sides of the battery casing

material buried on the Rhone-Poulenc and Gould property. The horizontal

extent of these t'""o battery casing disposal areas is shown on Figure

3.2-3. The secondary source subsurface soils consist of ~he following:
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• 1. One foot of soil below the entire area of the battery casing/

matte excavations. This would amount to 4,300 cu yds from the

area on Rhone-Poulenc property and .5,000 cu yds from the area

on the Gould property: and,

2. One foot of soil from the sides of the excavations. Assuming

average excavation depths of 20-feet on the Rhone-Poulenc pro

perty and 25-feet on the Gould property, and an excavation

side-slope ratio of 2: 1, this would amount to approximately

2,170 cu yds from the Rhone-Poulenc property and 2,180 cu yds

from the Gould property.

The highest sediment total lead concentrations were detected in the

East Doane Lake remnant. The areas cons i dered secondary sources are

•
shown on Figure 3.2-5. Based on an assumed depth of 1-foot, the quan

tity of material would be approximately 5,500 cu yds.

The total quantity of soil considered secondary source material is

summarized below:

TYPE AND LOCATION

Surface Soil

QUANTITY (cu ydsl

••

Gould property
Rhone-Poulenc property

Surface Soil Subtotal
Subsurface Soil

Gould property
Bottom Sides

Sub:-total

Rhone-Poulenc property
Bottom Sides

Sub-total
Subsurface Soil Subtotal

Sediment

East Doane Lake Remnant
Sedi~ent Subtotal

Secondary Source Total

2,400
970

3,370

5,000
2,180

7,180

4,300
2,170

6,470
13,650

5,500
5,500

22,520
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• 3.2.4.2 Waste Composition

The battery casings consist of hard rubber (ebonite) and plastic

casings, metallic lead and lead oxides. Battery casing samples were

collected at four sample locations, BC-l through BC-4 (Figure 3.2-3).

The samples were collected from surface piles identified during site

surveys. Three samples were collected at each location: 1) at the sur

face: 2) at a depth of 5 feet below the surface: and, 3) at theapproxi

mate depth of the original ground surface (beneath the ,pile). The

samples were non-homogeneous and required preparation before analysis.

The battery casing samples were prepared by hand-picking plastic pieces

larger than 2 inches and lead and non-lead metal pieced larger than

1/4-inch from the sample to be prepared. The weight of rock/slag was

measured, recombined with the sample and then the sample was crushed/

ground to less than 9-millimeter particle size and homogenized. An ali

quot of this homogenized sample was analysed. Table 3.2-2 presents the

results of the sample preparation and Table 3.2-3 presents the results

~ of the prepared sample analyses.

The results for total lead indicate that the lead concentrations

(mostly lead oxide) in the prepared battery casing samples ranged from

7,600 mg/kg (0.76 percent) to 190,000 mg/kg (19 percent). All of the

samples had EP Toxicity results for lead above the regulatory limit (EP

Toxicity limit = 5.0 mg/ll. These values ranged from 21 mg/l to 220

mg/l. The data indicate that there was no apparent correlation between

total lead concentration and EP Toxicity leachate lead concentration for

these samples. The EP Toxicity results for arsenic, chromium, and cad

mium indicate that these contaminants were not detected in the EP

leachates •

••
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TABlE J.2-2

. 1
BAttERY CASING SAMPlE COMPOSITION BY WEIGHT

•
" 2Sample

J
Depth Hard Rubber 4 Plastic

1 " 1 d 0 "d 5MetalllC Lead Lea Xl e
Total

1
Non-lead Hetal Rock/Slag Sample Weight Moisture

BC-l Surface 2021.01 2101.00 1.50 601.15 44.90 7397.0 12J50 111.44

~ feet J950.46 JOJO.OO 50.20 902.75 0.00 1595.0 9660 131.60

Gruund 6471. 97 J061.00 122.00 12J2.76 0 0.0 llJ97 509.27

1.11:-2 Surface 0713. J4 2154.00 207."00 OJ9.81 0 1497.0 14005 59J.04

) Feet 5245.99 23tH .00 195.00 1239.15 0 J99.0 9923 462.06

Ground 6153.39 1615.00 104.00 1211.60 0 1955.0 11651 5J2.01

I:JC- 3 Surface 4400.47 1041.00 182.00 1115.01 0 J45.0 0136 244.52

5 feet J479.62 1642.00 217.00 678.18 0 04.0 6377 275.60

GI"ound 6107.06 2721.00 130.00 1269.07 0 09.0 10912 507.07

111:-4-- Surface 98J4. n 0.00 106.00 149.76 0 0.0 lOOJO 659.9J

5 feet 10314.50 0.00 616.00 J63.04 134 0.0 11792 J64. J9

Ground 8902.07 0.00 O~.OO 210.92 0 0.0 9697 490.21

IPlaslic larljer than 2-inches and lead metal and non-lead metal larger than 1/4-inch removed in sample preparation and were not
included in the analysis.

2Ground sample collected at a depth approximately equal to the projected ground surface.

)Ihese catiinlj samples Wtlre processed by the Alchem Western separation machine.

4Calculaled from the difference of the tolal sample weight and the sum of the other components.

\alculaled from the analysis result fur the prepared samples.
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TABLE 3.2-3

PREPARED BATTERY CASING SAMPLE ANALYSIS RESULTS

SAMPLE
NUMBER/ TOTAL LEAD EP LEAD EP ARSENIC EP CHROMIUM EP CADMIUM
LOCATION DEPTHl (mg/kg) (mg/l> (mg/l) (mg/l) (mg/l>

BC-l Surface 60,000 160 UO.2 UO.l UO.05
5 feet 140,000 21 UO.2 UO.l UO.05
Ground 16,000 220 UO.2 UO.l 0.06

BC-2 Surface 7,600 200 UO.2 UO.l UO.05
5 feet 180,000 140 UO.2 UO.l UO.05
Ground 130,000 100 UO.2 UO.l UO.05

BC-3 Surface 190,000 190 UO.2 UO.l UO.05
5 feet 160,000 220 UO.2 UO .1 UO.05
Ground 170,000 120 UO.2 UO.l UO.05

BC-4 Surface 15,000 200 UO.2 UO.l UO.05
5 feet 34,000 130 UO.2 UO.1 UO.05
Ground 24,000 81 UO.2 UO.1 UO.05• 1Ground sample collected at a depth approximately equal to the pro-

jected ground surface.

Using the results of the prepared samples, total percentages of the
I

various components of the battery casing samples were calculated. These

percentages are presented in Table 3.2-4. The results indicate that

battery casing mixtures have a total lead content (metallic lead and

lead oxide) of between 3 to 15 percent lead. Also, the results for

••

Sample BC-4, which was collected from a pile of battery casings that had

been separated in a pilot-scale test, indicate that the separation was

efficient. Hard rubber content increased, plastic was removed and lead

was, in general, reduced.

The matte materials consist of metallic sulfide chunks primarily

containing iron and lead. Matt sam9les were collected from four of the

matte test pit locations: MTP-l, MTP-5, MTP-7 and MTP-8 (Figure 3.2-4) .

The samples were collected at depths ranging from 0.5 feet to 3.0 feet
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• TABLE 3.2-4

eo.position of Battery C~sing Samples Colletted on Goqld Property

Percentages of Mixture
-----------------------------------------------------------------------_._---------

Hard Hetallic Lead Non-lead
54aple t Rubber Plastic LeQd Oxides Hetal Rock/Slag Moisture
----------------------------------------------------------

16.35 17.65 0.01 4.86 0.36 59.86 0.90

., 40.89 31.37 0.52 9.35 0.00 16.51 1.36..
3 56.79 26.86 1.07 10.82 0.00 0.00 4.47

4 62.22 15.38 1.48 6.00 0.00 10.69 4.24

5 52.87 23.99 1.97 12.49 0.00 4.02 4.66

6 52.81 13.86 1.58 10.40 0.00 16.78 4.57

7 54.18 22.63 2.24 13.70 0.00 4.24 3.01

• 8 54.57 25;75 3.40 10.64 0.00· 1.32 4.32

9 55.97 24.94 1.26 11.63 0.00 0.82 5.39

-----------------------------------------------------------------------.----------------------
Averages: 49.63 22.49 1.50 9.99 0.04 12.69 3.66

••
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below ground surface. The samples were prepared by crushing/grinding

• the metallic chunks to less than 9-mm particle size and then homoge-

nizing sample before analysis. The results for the analyses of the

matte samples are presented in Table 3.2-5.

TABLE 3.2-5

MATTE ANALYSIS RESULTS

E' EP
SAMPLE . SAMPLE DEPTH TOTAL LEAD EP LEAD EP ARSENIC CHROMIUM CADMIUM
NUMBER LOCATION (ft) pH (mg/kg) (mg/l) (mg/l> (mg/l> (mg/l)

MT-l MT-1 1.0 5.2 92,000 12 UO.Ol UO.l 0.04

MT-2 MT-1 2.5 5.4 97,000 59 UO.Ol UO.l 0.06

MT-3 MT-5 0.5 5.3 110,000 27 UO.01 UO.l 0.34

MT-4 MT-7 0.5 5.2 74,000 7.2 0.02 UO.l 0.19

MT-5 MT-7 3.0 5.7 64,000 6 0.03 UO.l 0.04

• MT-6 MT-8 2.0 5.5 74,000 12 0.02 UO.l 0.01

The results for total lead indicate that lead concentrations in the

matte samples ranged from 6.4 percent to 11 percent. All of the samples

had EP Toxicity resul'ts for lead above the regulatory limit of 5.0

mg/l. These values ranged from 6 mg/l to 59 mg/l. As with the battery

casing EP Toxicity results, the data indicate that there was no apparent

correlation between total lead concentration and EP Toxicity leachate

lead concentration for these samples. Low concentrations of arsenic and

cadmium were detected in the EP Toxicity leachates. These concentrations

are within the regulatory limits (5.0 mg/l and 1.0 mg/l, respectively).

••
The EP Toxicity results discussed above for the battery casing and

matte samples provide a preliminary assessment of the potential for lead

and arsenic to leach :rom t~ese t·..,o primary source materials. Addi

tional leach potential testi~g Nas conducted under varying pH conditions .

These tests are discussed in Sections 7.3 and 7.4.
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3.2.5 Waste Containment

This section describes possible waste containment at the site. The

types of containment discussed are geochemical, stratographic, hydraulic

and anthropogenic.

3.2.5.1 Geochemical

The primary source of contaminant containment arises from geochemi

cal reactions between the mobilized contaminants and the soils at the

site. As described below (Section 3.3.5) and elsewhere in this report

(Sections 4.2 and 4.4), lead and other metals undergo chemical reactions

between the dissolved contaminants and the soils resulting in the metals

being removed from solution, thus, reducing the mobility of the contami

nants. If the soils become saturated, and if pH is lowered through some

mechanism, the metals may be released and become mobile again. This

"ionic saturation" is an important release mechanism, especially for

secondary sources. Once released however, the metals may be removed

from solution by uns~turated soils. This continuing process determines

the rate at which the metals migrate, if at all.

3.2.5.2 Stratigraphic

The stratigraphic influence on contaminant containment is a slight

to moderate difference in permeability between the upper fill layer and

the alluvium soils below the fill. This difference results in a larger

component of horizontal, as opposed to vertical, ground water flow but

the difference is not large enough to completely prevent downward migra

tion of the contaminants (Section 4.4).

3.2.5.3 HydraUlic

Hydraulic containment is primarily due to the decreased downward

ground-water flow caused by the permeability differences discussed

above. A.dditionally, }!:"~dient leveling may occur during high river

stages in the Willamet:e ~~~er, reSUlting in enhanced containment •
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3.2.5.4 Anthropogenic

There are no anthropogenic containment systems at the site.

3.3 WASTE COMPONENT CHARACTERISTICS AND BEHAVIOR

•

The following sections discuss waste component characteristics and

behavior. The waste components discussed are lead, arsenic, zinc, cad

mium and chromium. The characteristics discussed include toxicity,

bioaccumulation, metabolism, environmental transformation and transport

behavior.

3.3.1 Toxicity, Bioaccumulation and Metabolism

Toxicity testing was not conducted during the investigation. A

discussion of the toxicity and health effects of the contaminants is

presented in Section 8.2. Testing to evaluate whether the wastes iden

tified at the site are considered hazardous in relation to regulatory

standards was conducted, and is discussed in Section 3.2.4. The results

indicate that the battery casings, matte samples, and some soil samples

analyzed exceed the EP Toxicity lead concentration limit for lead (5.0

mg/l) •

Bioaccumulation testing was not conducted during the investigation.

A discussion of bioaccumulation is presented in Section 8.1.2.3.

Metabolism testing was not conducted during the investigation. A

discussion of the metabolism of the contaminants is presented in Section

8.0.

3.3.2 Environmental Transformation

Biomethylation is an environmental transformation pathway for

metals. Bacteria in the soil cam use metals in their anaerobic metabo

lic process and produce chemical forms of the metal that have higher

mobilities than the original form. The remobilization of metals by
••

Environmental transformation testing was not conducted.

discussion of possibly relevant information is presented here.

A brief
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biomethylation is not usually important for cadmium, chromium or zinc,

but is more important for lead and arsenic. Lead can be transformed to

methylated compounds such as tetramethyl lead and arsenic can be trans

formed to methylated compounds which can also lead to arsines. These

compounds are more mobile and volatile than the initial dissolved form

of the metals. Although this transformation is possible, the effect on

lead mobility at the site is probably limited due to the lack of exten

sive anaerobic conditions.

3.3.3 Transport Behavior

Transport behavior testing was not conducted. The transport beha

vior of the contaminants is briefly discussed hereto and in the under

standing of the data generated during the remedial investigation.

Emphasis is placed on the physical and chemical interactions that affect

the mobility of the contaminants.

3.3.3.1 Air

In qeneral, the contaminants enter the air via parti~ulate trans

port. Volatilization is not an important process for contaminants since

they are non-volatile metals. Once in the air, the behavior of the con

taminants is probably dependent only on physical influences such as wind

speed and direction, temperature and precipitation. Volatile forms of

lead and arsenic, if ~resent, may be affected by photooxidation or other

types of chemical oxidation in the air but in general, these chemical

processes are of little importance with regard to the transport behavior

of the contaminants in air.

3.3.3.2 Soil

In general, contaminant transport behavior in the soil depends

upon the transport behavior of the contaminants in the ground water tra

veling through the soil. Depending upon the porosity and permeability

of the soil material, 9articulate transport may be important.
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3.3.3.3 Water

The transport behavior of the contaminants in water varies from one

contaminant to another. In general, the contaminants are more mobile in

water with lower pH. Sorption onto hydrous iron and magnesium oxides,

clays and organic material is an important mechanism for containment of

the contaminants, especially lead. Photolysis is not an important pro

cess except for lead, where the form of lead can be changed by photoche

mical reactions in surface waters.

The mobility of lead in the soil/water at the site is probably most

strongly influenced by the chemical reactions between the dissolved lead

and constituents in the water and soil. The pH is apparently the domi

nant controlling factor in lead mobility. Neutral to high pH conditions

tend to result' in low dissolved lead concentrations and low pH con

ditions result in higher dissolved lead concentrations. The pH effect

is a result of the changing chemical equilibria that occur at different

pH levels. At low pH, dissolved lead remains in solution and lead that

is associated with particulate matter or precipitates is dissolved into

solution. As the pH rises, the reverse occurs; d~ssolved lead precipi

tates out of solution and/or sorbs onto particulates. In general, this

is true for the other contaminants as well. At very high pH (>11)

soluble hydroxides increase the dissolve4 lead concentrations. The role

of these processes in/the mobility and extent of contaminantion at the

site is discussed further in Section 4.0.
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4.0 HYDROGEOLOGY AND HYDROGEOLOGY INVESTIGATIONS

4.1 SCOPE OF INVESTIGATIONS

The geology and hydrogeology of the site and adjacent areas were

assessed by performing the following activities:

o

o

o

o

o

o

Photogeologic mapping:

Drilling and sampling of four boreholes and installation of 17

monitoring wells:

Collection of 59 surface soil samples:

Physical testing of the 59 samples:

Ground-water and surface water sampling: and

In-situ and laboratory testing of permeability.

•

••

The following sections discuss the findings and interpretations of

the field and laboratory results •

4-1

SCOEPA00004187



•

•

••

4.2 GEOLOGY

4.2.1 Regional Geology

The Gould site is located on the left bank floodplain of the

Willamette River, approximately 7 miles upstream from the confluence of

the Willamette River and the Columbia River (Figures 1.3-1 and 4.2-1).

The floodplain of the Willamette River occupies the lowest portions of

the Willamette Valley, which is a broad downwarp between the Cascade and

Coast Ranges of northwest Oregon and southwest Washington. The site is

underlain by ~ few to several tens of feet of alluvial deposits, which

in turn overlie the lava flows of the Columbia River Basalt. The site

is situated on the northeast flank of the Portland Hills anticline,

where the anticline dips beneath the young sediments that fill the

Portland Basin (Figure 4.2-1).

The site area is underlain by a variety of volcanic and sedimentary

rocks. From oldest to youngest these include the Scappoose Formation,

the Columbia River Basalt, the Troutdale Formation, glaciofluvial flood

deposits, and Hqlocene alluvium (Trimble 1963).

The Scappoose Formation consists of tuffaceous sandstones, silt

stones and mudstones with local occurrences of coal and volcanic ash.

Regionally, the Scappoose varies from a,few feet in thickness to nearly

800 feet (Trimble 1963). It crops out several miles northwest of the

site near the town of Scappoose. Near the Gould site, it lies at a

depth of about 500 to 700 feet below ground surface (Brown 1963).

The Columbia River Basalt overlies the Scappoose Formation. In the

Portland area, the Columbia River Basa~t consists of 12 to 14 flows of

hard basalt. The flows, which date from the Miocene age, are jointed

and usually have rubbly or vesicular tops which contain most of the

ground water. Often t~ey are separated by a few inches or feet of sedi

mentary deposits (siltstone to sandstone). Some of the flows are

weathered to a dept~ 'J: 3. ~ew feet. The basalt is estimaced to be i.n

excess of 500 feet: '::1:':'< ce neat h the Gould site (Trimble 1963). The

basalt underlies the 'l:-.:::,c ~i.nal ?ortland Hills, immediately west and
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south of the site, and crops out in many areas along the flanks of the

hills.

In the Portland area, the basalt is overlain by the Troutdale

Formation. It consists of sandstone and conglomerate of Pliocene age.

Most of the Troutdale Formation in the site area has been removed by

erosion; only a few thin remnant i are known along the Portland Hills

(Trimble 1963, Treasher 1942). Local remnants of the Troutdale

Formation may underlie the alluvium in the Gould site area, but none

were encountered during drilling and none have been reported in nearby

wells.

Throughout most of the area, elevations below about 350 feet are

mantled with sand, silt and gravel of late-Pleistocene age. These

sediments were transported to the Portland area and deposited as a

large delta by catastrophic floods of glacial meltwater that coursed

. down the Columbia River about 10,000 to 13,000 years ago (Trimble

1963). The glacio-fluvial flood deposits have largely been removed from

the site area by erosion.

Alluvium deposited by the Willamette River underlies the flood

plain. The alluvium consists of channel and bar sands and silty sands,

levee silt and sandy silt, and various overbank lacustrine silts and

clays. Prior to development, most of the site was occupied by Doane

Lake, which comprised part of an abandoned prehistoric channel of the

Willamette River. Figure 4.2-2 shows the location of the lake and aban

doned channel during the late-1800's.

The major structural features of the site area are the Portland

Hills anticline and the Portland Basin (Figure 4.2-1). The Portland

Hills anticline is a 30-mile-long, northwest-striking anticline that

extends from Oregon City to Scappoose, Oregon. It is a broad,

relatively gentle fold, except along its eastern flank. The eastern

flank of the anticline dips 15 to 30 degrees into the Portland Basin .

The Portland Basin lies east of the site. This basin is one of

many which in aggregate form the Willamette lowland which extends Erom
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Eugene, Oregon to Chehalis, Washington. The Portland Basin extends

south to the Oregon City area and east to the foothills of the Cascades.

The top of the Columbia River Basalt is at about 1,500 feet below sea

level in the deepest part of the basin (Figure 4.2-1).

4.2.2 Site Geology

The site is located on man-made fills which were placed on the left

bank floodplain of the Willamette River, about 7 miles downstream from

the city center of Portland (Figure 1.3-1). These fills overlie allu

vial deposits of Holocene age, which in turn overlie bedrock Columbia

River Basalt (Figure 4.2-1). Geologic cross sections of the site are

shown on Plates 4A, 4B and 4C. The cross section locations are shown on

Figure 4.2-3.

4.2.2.1 Fill

Several different fill layers were placed at the site, beginning in

the 1930s and 1940s and continuing up to the early 1980s (see Sections

1:3 "and 3.2.2.2; Figure 3.2-2). The fills consist of a" diversity of

materials such as metal slag, scrap metal, demolition debris, silty

hydraulic dredge spoils, spoils from the nearby rock quarry, shredded

automobile interiors, shredded battery casings, matte, and carbide

sludge, as discussed in Sections 1.3.2. and 3.2.2.2. Variations in fill

thickness are shown on Plates 4A through 4C, and on the Fill Thickness

Map, Figure 4.2-4. The fill thickness varies from about 1 foot to over

32 feet in the vicinity of well W-12D.

The surface of the site is covered with a variety of materials.

For example, the western portion of the site is covered with a layer of

clay. The wrecking yard adjacent to Rhone-Poulenc is covered by piles

of debris and a silty, clayey layer of rubble. The southern two-thirds

of the Gould property is overlain with asphalt and concrete. Piles of

battery casing fragments are located immediately south of the East Doane

Lake remnant. The ·....estern end of the adjacent Schnitzer property is

covered with piles of rubble and one pile of shredded automobile

interiors. The distribution of the surface materials is shown in Figure

1. 3-3.
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As indicated above, the source of the site fills is diverse. These

soils exhibit corresponding dissimilar physical properties, as sum

marized on Table 4.2-1. Individual sample descriptions are based on the

laboratory results and the Unified Soil Classification System (Appendix

05). The results of the physical properties tests are also included in

Appendix 05.

4.2.2.2 Holocene Alluvium

Prior to receiving fill emplacement of the materials, the site was

covered largely by Doane Lake which occupied a shallow, abandoned chan

nel of the Willamette River (Figure 4.2-2). The alluvium beneath Doane

Lake consists of a complex mixture of river channel sands, over-the-bank

silts and sandy silts, and' fluvio-lacustrine silt, clayey silt and silty

clay. Isolated local lenses and stringers of volcanic ash, mudflow and

sandy gravel are usually present in the alluvium, as are lenses of orga

nic silt, peat and woody detritus (flotsam). The alluvium thickness

varies from of 38 feet in well RPw-30 to 83 feet in well W-160. Assum

ing that the dip of the basalt ccnt.Lnues uniformly to the north (as

shown on Figure' 4.2-5), the alluvium is estimated to be about 93 feet

thick in the vicinity of well W-100.

Beneath the Gould site the alluvium consists primarily of sand,

silt, and clay. Relatively continuous lenses of fairly clean sand are'

present, as are fairly continuous layers of clayey silt or ciay. Litho

logic variations within the alluvium beneath the site are shown in

Plates 4A through 4C.

The physical properties of the alluvial materials were determined

by laboratory tests and are summarized in Table 4.2-2. The results of

the physical properties tests are included in Appendix D5. The indivi

dual sample descriptions are based on the laboratory results and the

Unified Soil Classification System (Appendix D5).
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TABLE 4.2-1

PHYSICAL PROPERTIES Of fILL AND SURfACE SOILS

Well Water Dry Vertical l

or Sample Depth Plastic Liquid Plasticity Content Density Permeability 50il
Boring No. ( feet) Limit ~ Index ~ (g/g) (g/cm3 (cm/s)2

"t
Tyoe'-

Boring

B-6 13-6-16.5-0 16.5 N.P. N.P. N.P. 29.71 1.46 1.4 E-4

Wells

W-16-S W-16-S-3 5 98.58 0.78 6.7 E-6
W-16-O W-16-O-48 10 28.76 1.51 2.3 E-5

Surface Soils

Loc 3 Lac. 3 s-i 3-9" N.P. N.P. N.P. 8.47 1.47 1.0 E-2 SP-5M or S~

S-47 S-47 3-9" N.P. N.P. N.P. 6.91 1.43 2.7 E-3 SP-SM
Lac 5 Loc. 5-1 6-9" N.P. N.P. N.P. 8.49 1.43 2.4 E-4 SP-SM
Lac 6 Lac. 6-1 6-9" N.P. N.P. N.P. 6.92 1.45 1. 9 E-3 SP-5M

• Lac 12 Lac. 12-1 3-9" N.P. N.P• N.P. 10.15 1.25 2.0 E-2 5P-SM
S-15 S-15-O Surface N.P. N.P N.P. 15.44 1.82 3.7 E-6 SM
S-r8 5-18-0 Surface 21.07 27.50 6.43 17.63 1.72 < 1.0 E-5 SM
S-19 S-19-O Surface 25.53 31.16 5.36 13.50 1.50 5.1-£-2 SW or S?
S-22 S-22-O Surface 23.31 31.15 7.84 23.11 1.49 2.7-£-4 MI..

S-24 S-24-O Surface N.P. N.P. N.? 5.48 1.13 6.0-£-2 5M
S-25 S-25-O Surface N.? N.P. N.P. 8.88 1.50 1.2-£-2 SM
5-26 S-26-O Surface 20.24 23.73 3.47 6.16 1.72 3.1-£-2 SM
5-28 S-28-O Surface N.P. N.? N.P. 8.60 1.52 2.8-£-3 5M
S-31 S-31-D Surface 20.30 24.00 3.70 5.80 1.24 2:1 £-5 ML
5-33 5-33-0 Surface 17.90 22.65 4.75 8.87 1.38 1.5 E-2 ~lL

5-36 5-36-0 Surface 22.30 27.38 5.08 10.77 1.54 3.5 E-5 ~~L

5-51 5-51-0 Surface 'L? N.? N.? 16.28 1. 7S 9.5 E-Z SM

1) Vertical permeability measured in laboratory parameter (ASTM 02434, 1974)
2) The formula for converting cm/sec to ft/day is as follows:

(1 cm/sec) 60 sec 60 min 24 hrs 1 ft
min hr day 30.48 cm

3) Soil types defined on figure 04-1, Appendix 04
N.P. = Nonplastic as defined by ASTM 042j

• --- = Not analyzed

•
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TABLE 4.2-2

• PHYSICAL PROPERTIES or ALLUVIUM

Dry
1

Well Water Vertical
or Sample D~th Plastic Liquid Plasticity Content Density Permeability Soil

3
(feet) Index .. (g/g) (g/cm3 (cm/s)2Boring No. Limit Limit '" Type

8-5 8-5-23.0-0 23.0 N.P. N.P. N.P. 48.28 1. 34 1. 7 E-4 SP-SM
8-6 8-6-23.5-0 23.5 28.95 31.23 2.28 47.98 1.09 3.5 E-5 ML
8-8 8-8-33.5-0 33.5 28.25 37.22 8.97 48.24 1.10 < 1.0 E-5 ML
8-10 8-10-30.1-0 30.1 'l.P. ,'l.P. N.P. 30.67 1.40 8.7 E-3 SP-SM
8-10 8-10-60-0 31.6 N.P. N.P. N.P. 34.40 1.36 1.6 E-2 SM
1'1-12-0 '11-12-0-10 35 43.98 1.23 6.1 E-5
11/-12-0 '11-12-0-11 35 N.P. N.P. N.P. ML
'11-12-0 11/-12-0-14 47 49.32 1.17 6.6 E-8
11/-12-0 11/-12-0-15 47 30.27 41.59 11.32 ~L

'11-12-0 11/-12-0-19 65 43.99 1.24 5.2 E-7
'11-12-0 '11-12-0-22 65 34.98 40.12 5.14 ~L

'11-12-0 '11-12-0-23 65 50.39 1.14 2.9 E-6
'11-12-0 11/-12-0-24 65 37.41 40.68 3.27 ML
11/-12-0 11/-12-0-27 80 39.31 1.30 3.9 E-6
11/-12-0 '11-12-0-29 80 29.72 31.79 2.07 ML

• '11-12-0 11/-12-0-32 95 39.86 1.27 2.6 E-6
11/-12-0 11/-12-0-34 95 31.31 33.84 2.53 ML
11-15-0 11/-15-0 17.1-17.6' N.P. N.P. N.P. 28.86 1.38 1. 9 E-3 SP
'11-15-0 11/-15-0-20.4-0 20.4 N.P. N.P. N.P. 20.06 1.62 1.1 E-2 SP-SM
11/-15-0 '11-15-0-25.2-0 25.2 N.P. N.P. N.P. 30.99 1. 37 8.0 E-3 SP
11/-16-5 '11-16-5-1 5 74.31 90.29 15.98 ML
'11-16-0 '11-16-0-4 10 N.P. ,\j.P. N.P. SM
'11-16-0 W-16-O-7a 20 21.10 1.47 4.8 E-4
'11-16-0 '11-16-0-7 20 ~.P. N.P. N.P. SM or SP-S1
'11-16-0 ' '11-16-0-108 30 68.91 0.94 2.7 E-6
11-16-0 '1/-16-0-11 36.81 44.58 7.77 'AL

11-16-0 '1I-16-0-16a 50 36.95 1. 36 7.S ::.j
'11-16-0 '11-16-0-16 50 26.97 31.17 4.20 '1L
'1/-16-0 '11-16-O-20a 65 33.74 1.42 2.3 E-5
'11-16-0 '11-16-0-20 65 25.30 26.54 1.24 ML

1) Vertical permeability measured in laboratory parameter (ASTM D2434, 1974)
2) The rormula ror converting em/sec to ft/day is as rollows:

(1 em/sec) (50,em) (60 !!lin \ ( 24 "rs\ I 1 rt \
day ):.. 30.48 em)'.. ml.n \ hr )

• 3) Soil types defined on Figure D4-1, ~ooendJ.x )4

N.? : Nonplastic as defined by ASTM 0424

• --- : Not analyzed
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4.2.2.3 Columbia River Basalt

In the Portland area, the Columbia River Basalt consists of 12 to

14 flows of basalt. The flows, which date from the Miocene age, are

jointed and usually have rUbbly or vesicular tops which contain most of

the ground water. Often they are separated by a few inches or feet of

sedimentary deposits (siltstone to sandstone). Some of the flows are

weathered to a depth of a few feet. The basalt is estimated to be in

excess of 500 feet in thickness beneath the site (Trimble 1963).

In the site a:ea, the basalt dips to the northeast from the

Portland Hills anticline into the Portland Basin. Basalt crops out at

the base of the hills southwest of the site at about elevation 35 feet.

Beneath the site it slopes from elevation -7 feet in well W-6B to -64

feet in well W-llB. The configuration of the surface of the basalt

beneath the site is shown in Figure 4.2-5.

The basalt encountered during this investigation is thought to

belong to the Frenchman Springs Member of the Columbia River Basalt

Group. It is medium-grained (crystals 1 to 2 millimeters ~cross), and

has a porphyritic texture. Fine to coarse basalt gravel locally overlie

the basalt. These gravels, which are occasionally vesicular, are

subround to subangular. Based on the geophysical logs of wells W-6B and

W-lIB (Appendix D2), the upper section of the basalt is thought to be

fractured and jointed.

4.2.2.4 Doane Lake and Willamette River Sediments

The Doane Lake sediments have been identified on site by drilling

boreholes through the filled portions of Doane Lake. The sediments are

generally clay and silt, which represent lacustrine and fluvial deposi

tional environments. Occasional lenses of fine-grained sands are also

present in the Doane Lake sediments.

Sediment samples crom the existing lake-bottom surficial deposits

were collected ~y Dames & ~oore. The sediments were generally a black

"muddy clay" with abundant organic matter, except for those collected on

the Schnitzer/Liquid Air ~roperty. These samples contained large amounts
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of lime (added to the pond as a pH treatment) and were generally a white

to gray "muddy clay". Grain s i ae distribution analyses of the Doane

Lake sediment samples indicate the sediments consist of clayey silts to

fine grain silty sand (Appendix D). The sediment sampling procedures

are discussed in Appendix A.

Willamette River sediment samples were obtained in areas upstream

and downstream of an outfall draining the Gould site. Grain size

analyses of the sediment samples indicate the samples consist predomi

nantly of sand with minor amounts of gravels and silts (Appendix D).

The sediment sampling procedures are discussed in Appendix A•
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4 • 3 HYDROLOGY

4.3.1 Precipitation

Precipitation data were collected from the Portland International

Airport (PIA) for the period of August 1, 1986 through February 3, 1987,

and from downtown Portland for the period of October 1 to December 7,

1986. PIA records for August, September, and November are from National

Oceanic and Atmospheric Administration (NOAA) summaries. All other

records are National Weather Service data as reported in the Daily

Oregonian.

The precipitation data are tabulated in Appendix 03.1. The table

shows daily totals for the PIA and downtown Portland, as well as

cumulative data 'for the PIA. Comparisons of the PIA and downtown

Portland data indicate the precipitation rates are similar between the

two stations.

During the period of study, virtually no rain fell between August 1

and August 30, 1,986. Approximately 4. 5 ~nches fell between September 1

and September 30, 1986. No measurable rain fell from September 30 to

October 18, 1986, while approximately 18 inches fell from October 18,

1986 to February 1, 1987.

4.3.2 Surface Drainag~ Patterns

The surface drainage patterns at the Gould site are shown in

Figure 4.3-1. Water from East Doane Lake remnant flows nor t award

beneath N.W. Front Street and discharges into the wi11amette River.

The East Doane Lake remnant receives runoff from the Rhone-Poulenc

properties, from the Schnitzer/Liquid Air property, from the ESCO pro

perty, and eastern portions of the scrap yard.

The West Doane Lake remnant receives runoff from the ESCO property

and from the west~rn portion of the scrap yard .

4-18

scoEPA00004198



•

•

•e

4.3.3 Doane Lake Remnants

The East and West Doane lakes are remnants of a lake that was gra

dually filled over the years so that only relatively small remnants now

remain. The history of the fill activities are discussed in Section

3.2.

East Doane Lake is located on the Gould and Schnitzer/Liquid Air

properties. Lake depths vary from approximately 13 feet on the western

part to approximately 4 feet in the eastern end of the lake.

West Doane Lake is located along the railroad right-of-way on the

west edge of the Rhone-Poulenc scrap yard. Lake depths are shallow and

range from approximately 5 feet to less than 3 feet. An aerator is

located at the southern end of the remnant.

4.3.4 Willamette River

The Willamette River is located north of the Gould site (Figure

4.2-1>. This section of the river is subject to non-saline tidal

effects which are transmitted from the Pacific Ocean via the Columbia

River.

River level changes for the Willamette River were obtained from the

U.S. Army Corps of Engineers, for the period from August 1, 1986 through

February 3, 1987 at the Morrison Street Bridge gauging station which is

approximately 6 river miles upstream from the site; the daily maximum

and minimum river levels are presented in Appendix 03.1.

The daily ranges of river stage, summarized in Appendix D3.1, are

plotted in Appendix D3.4. A correction of +2.92 feet has been made to

the raw data to adjust them to the City of Portland datum. The river

stage reflects a variety of influences in addition to rainfall and

snowmelt, including tide, irrigation withdrawal, reservoir releases and

captures, and power generation .

The tidal influences are reflected in continuous river elevations

recorded by the National Weather Service OMS) at Portland Harbor and
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subsequent plotting of slack water highs and lows (Stiger 1987). A

review of these plots from Augusc 1986 to March 1987 indicate the river

level fluctuates as much as 4 feet within a 24-hour period. Tidal

influences on river elevations are as yet unpredictable by the NWS and

have been known to be negated when river elevations exceed 11 feet

(during periods of high flow). Low river stages on weekends can be

attributed at times to reduced releases from upstream reservoirs for

electricity generation. Local rainfall is reflected only in the general

sense that the river is usually at high stage during the rain] season,

and is usually low during the dry season.

The lack of a strong correlation between local rainfall and river

stage is shown on Figure D3.3-2, Appendix D3.3. Very little correlation

is 'apparent through the summer and early fall. However, after mid

November most, but not all, storms were followed by a rise in the river

at Portland. Similarly, not all rises in the Willamette River were pre

ceded by rainfall in Portland. This is illustrated by Figure 03.3-2,

Appendix 03-3, which shows the daily modal river stage, together with

rainfall data for the previous five days •
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4.4 HYDROGEOLOGY

4.4.1 Regional Hydrogeology

Within the area near the site, four geologic units that act as

regional aquifers are present. These are the Columbia River Basalt, the

Troutdale Formation, late Pleistocene glacial flood deposits, and

Holocene alluvium, from oldest to youngest. In the Portland-Vancouver

area the oldest of these units, the Columbia River Basalt, and under

lying rocks have been warped down into the Willamette Lowland (Figure

4.2-1) • The Portland Hills anticline forms a structural high that

separates the east part of the Lowland (Portland Basin) from the west

part (Tualatin Valley). The basin was subsequently filled with sand and

gravel of the Sandy River Mudstone, Troutdale Formation and Pleistocene

flood deposits (sand, gravel and silt). After the filling of the basin,

the Willamette and Columbia rivers cut down through the flood deposits

and Troutdale to about 150 feet below their present· depths. As sea

level rose about 300 feet (at the end of the P~eistocene) the rivers

backfilled these deep canyons with alluvial deposits of gravel, sand,

silt and clayey silt.

The basalt forms the main regional aquifer. It receives recharge

from the uplands adjacent to the Portland Basin where the edges of the

individual flows are exposed, or outcrop. Because the basalt is over

lain by the low permeability Sandy River Mudstone, water in this aquifer

becomes confined in the central part of the Basin. Discharge from the

basalt is largely to: (1) the river alluvium where the rivers have

incised to that depth; (2) water wells; and (3) slow leakage to the

Sandy River Mudstone.

Like the basalt, the Troutdale Formation receives recharge from the

adjacent uplands where the uptilted edges of the strata are exposed.

Local artesian conditions may occur in the Troutdale formation, which

are related to discontinuous lenses of lower permeability materials .

Discharge is largely to wells and the Columbia River. The Troutdale is

not present immediately beneath the Gould site, but likely occurs east

of the site beneath the Willamette River (Figure 4.2-1).
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Pleistocene flood deposits, do not occur within about 1/2 mile of

the Gould site. They are, thus, not of significance to this investiga

tion.

The alluvial deposits that line the Willamette river channel are

recharged directly by precipitation, by bank storage, and by discharge

from the Basalt, Troutdale and flood deposits. The alluvium is inter

nally complex and, in aggregate, consists of numerous individual

aquifers and aquitards. Consequently, hydrologic conditions ~ithin the

alluvium it vary considerably from place to place and with the season.

Discharge from the alluvium is generally to the river although, locally,

discharge to wells and downward leakage to older rocks may occur.

4.4.2 Site Hydrogeology

4.4.2.1 Overview

The site hydrostratigraphy includes unconsolidated fill, and allu

vial deposits overlying basalt flows. The fill consists predominately

of sands and gravels, silts, and an abundance of slag, bricks, metal

parts, and battery casings. The alluvial deposits consist predominantly

of clays, silts, and sands with the silt content generally increasing

with depth. The alluvial deposits form alternating layers of thinly

bedded and interfingering lenses. The basalt flow beneath the fill and

alluvial deposits is thought to be fractured and weathered. Ground

water occurs in the fractured and weathered portions of the basalts.

The fill and alluvial deposits form an interconnected, heterogen

eous, and anisotropic aquifer. Heterogeneity indicates that the hydrau

lic conductivity of the aquifer is dependent on the location within the

aquifer. For instance, the hydraulic conductivity measured within a

layer of the fine-grained materials would be lower than the hydraulic

conductivity measured _ithin a layer of coarse-grained materials.

Anisotropy indica~~s ~hat the hydraUlic conductivity of the aquifer

is dependent on the i~~~~~~on of ~easurement at any ?oint in the aquifer .

For example, the a Ll u v i a ~ ':e?osics beneath the site consist of layers of

fine- and coarse-gra.:.:-,~':: .na t e r i a Ls , each possessing a unique value of
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hydraulic conductivity. If the layers are horizontal, any single layer

with a relatively low hydraulic conductivity causes vertical flow to be

retarded, but horizontal flow can occur easily through any stratum of

relatively high hydraulic conductivity (Todd 1980).

The fill and alluvial water-bearing zones are believed to be

generally unconfined, however due to the layering, heterogeneity, and

anisotropy there may be locally confined conditions within the aquifers.

Four water-bearing units are identified beneath the site. These

units are the fill, the upper alluvial, the lower alluvial, and the

basalt water-bearing units. The relationships of these units are pre

sented in conceptual hydrogeologic cross-sections and flow nets shown in

Figures 4.4-1 through 4.4-8. Figures 4.4-1 through 4.4-4 show the water

levels and flow line relationships for a cross-section oriented north

to south. Figures 4.4-5 through 4.4-8 show the water levels and flow

line relationships for a cross-section oriented east to. west. The loca

tions of the cross-sections are shown on Figure 4.2-3. The water levels

shown were measured on October 23, 1986 and February 3, 1987.

The equipotential values and flow nets interpolated from the water

level elevation contour maps of each water-bearing unit are discussed

below. The total hydraulic head in the fill unit represents the

phreatic surface. The, total head value for the upper and lower alluvial

water bearing units are represented at the base of the units. As shown

in the flow nets, there is a significant component of downward flow.

The hydraulic properties and material types of the water-bearing

formations are highly variable; they are described more fully below .
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4.4.2.2 Fill Water-Bearing Unit

This unit is approximately 25 feet deep and consists primarily of

discontinuous layers of materials that include sands and gravels, silty

sands, and a wide variety of debris and rubble (see section 4.2.2).

The fill water-bearing unit is hydraulically connected to the East

and west Doane lakes and the alluvial water-bearing unit beneath it.

Due to the low permeability of the silts in the alluvium, which become

more prominent from south to north across the site, the fill water-bear

ing unit becomes increasingly perched above the alluvial aquifer. At

well W-ll, the piezometric surface of the fill water-bearing unit avera

ges 14 feet higher than the piezometric surface of the upper alluvial

water-bearing unit, whereas at well W-l, the two piezometric surfaces

average 1 to 2 feet difference.

Contours of ground-water level elevations in wells completed within

the fill water-bearing zone are presented in Figures 4.4-9 and 4.4-10

for water levels measured on October 23, 1986 and February 3, 1~87,

respectively. The contours are presented to show variations in ground

water levels and indicate that ground-water flow within the fill is pre

dominately northward. This trend has also been observed in previous

studies near the site (Dames & Moore 1983, and Camp, Dresser & McKee

1987). The February, 3, 1987 ground-water level elevation contours

(Figure 4.4-10) show the presence of a ground-water mound near well

W-IlS. This mound is believed to be the result of infiltrated rainfall

that has penetrated the clay cap over the ESCO property. The mound

developed after a period of heavy rainfall on January 30 through

February 1, 1987. The temporal formation of ground-water mounds create

local reversals of hydraulic gradients that temporarily alter ground

water flow directions and velocities.

Buried utility lines located parallel to N.W. Front Street inter

cept the upper portion of the water table in the fill '/later-bearing

unit. The bottom of the utility lines are approximately 20 feet below

ground surface and, as shown on Figures 4.4-9 and 4.4-10, ground water

in the utility lines flows northward towards a pump station located on
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the northern end of the site. Typically, utility trenches are back

filled with sands and gravels during construction, indicating that the

utility line trench may present a zone of high permeability and a pre

ferred ground-water pathway.

Ground-water level fluctuations of over four feet have been recorded

at well W-llS (see Hydrograph of W-llS, November 29, 1986 to March 21,

1987; Appendix 03.4). The ground-water level fluctuations are probably

caused by precipitation and river level changes (Section 4.4.3.~).

4.4.2.3 Alluvial Water-Bearing Units

Upper Alluvial Water-Bearing Unit: The upper alluvial water-bear

ing unit is approximately 20 to 30 feet thick and consists primarily of

interfingering layers and lenses of thinly bedded clays, silts, and

sands. The individual layers and lenses are generally discontinuous

beneath the site.

The contours of ground-water level. elevations in wells completed

within the upper a l l.uvia L water-bearing zone are presented in Figures

4. 4-11 and 4 • 4-12 for water level s measured on October 23, 1986 and

February 3, 1987, respectively. The contours indicate that lateral

ground-water flow within this unit is predominately northward. This

same trend has been reported in previous studies conducted near the site

(Dames & Moore 1983 and Camp Dresser & McKee 1987).

The upper alluvial '",ater-bearing unit is hydraulically connected

with East and West Doane lakes, the lower alluviwm, the fill aquifer and

the Willamette River. The piezometric surface of the upper alluvial

water-bearing unit, in general, is slightly higher than that of the

lower alluvial aquifer. This difference is caused by downward flow, as

well as the occurrence of less permeable zones bet·....een the upper and

lower alluvial units. 3eneath the ESCO property and the northern part

of the Gould property, a ground-water trough exists. The axis of the

trough is oriented north-south from ~ell W-ll past well PP-8 and appears

to follow a zone of fine sand that exhibits higher permeabilities than

the surrounding silts (Figures 4.4-11 and 4.4-12; Plate' 4-C, Cross
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Section I-I'). The ground-water trough may be the result of increased

flow rates through the sand layer, reduced infiltration as the result of

asphalt at the Gould site, and discharge from the alluvial water-bearing

unit to the basalt water-bearing unit.

Lower Water-Bearing Unit: The lower alluvial water-bearing unit is

approximately 20 to 40 feet thick and consists of ,aterials similar to

the upper alluvial water-bearing zone. This unit is generally siltier

than the overlying upper alluvial water-bearing zone.

The contours of ground-water level elevations in wells completed

within the lower alluvial water bearing zone are presented in Figures

4.4-13 and 4.4-14 for water levels measured on October 23, 1986 and

February 3, 1987, respectively. The contours indicate that lateral

ground-water flow within this unit is predominately northward.

The upper and lower alluvial water-bearing units comprise one

water-bearing unit in the alluvium. The distinction between the two

units. is somewhat arbitrary, as there may, in fact, be several smaller

water-bearing zones within the ailuvium. However, in the lower alluvium

the ground-water trough identified in the upper alluvium is not as pro

nounced, and the soils become more uniformly silty. The distinction

between upper and lower alluvial water-bearing units is useful in the

description of the contaminant distribution in Section 4.5.

Ground-water level fluctuations of approximately 2 feet have been

recorded at well W-llI (Table 03.2-1). The fluctuations are probably

caused by precipitation and river level changes.

4.4.2.4 Basalt Water-Bearing Unit

Ground-water is encountered in the fractured and weathered portions

of the basalt. The ground-water may be confined by the overlying fill

and upper and lower alluvial water-bearing zones. The fractured and

jointed nature of the rock af~ect its horizontal and vertical permeabil

ity. The basalt aquifer beneath the northern part of the site is

slightly artesian and discharges water to the overlying alluvial aquifer,

as evidenced by water ~eveis at well W-ll. The aquifer is recharged by
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the alluvium at the southern end of the site, as evidenced by ''''ater

levels at well W-6.

Ground-water level fluctuations of over 2 feet have been recorded

at well W-IIB (see Hydrograph W-IIB December 18, 1986 .~ March 18, 1987;

Appendix 03.4). The ground-water level fluctuations are due to precipi

tation and river level change.

4.4.3 Hydrogeologic Parameters

4.4.3.1 Water Level Fluctuations

Ground-water levels in wells W-llS and W-IIB were recorded con

tinuously from November 1986 to March 1987 (Appendix 03.4). The records

of precipitation and Willamette River stage data are presented in

Appendices 03.1 through 03.3. Examination of these hydrographs, and data

from precipitation and the Willamette River level records indicate that

during this period, ground-water level fluctuations were caused pri

marily by precipitation and river level fluctuations. Precipitation

does not appear to have an immediate effect on ground-water levels at

wells W-llS and W-llB, but does appear to infiltrate and elevate the

ground-water levels within a few days.

Ground Water

Ground-water elevations also appear to be controlled to a great

extent by Willamette River fluctuations. Periods of high flow within

the Willamette River (corresponding to periods of high rainfall) appear

to decrease the hydraulic gradient and discharge of ground water into

the river. As the river level drops, ground-water discharge to the

river will increase and lower the ground-water level.

The four water-bearing units appear to be hydraulically inter

connected. Because:JE :his, the aquifer distinctions become somewhat

arbitrary. Des i.qna t i cn of separate aquifers will not influence the

interpretation of :~~~ :~nditions on site because the aquifer designa

tion will not alter :::::s~c';'ed head relationships bet-ween locations 'within

the sediments. The -;':'ric~ulic interconnection is evidenced by similar

4-28

scoEPA00004207



•
water level fluctuations in all water bearing units (Figures 03.3-1 to

03.3-9, Appendix D). Table 4.4-1 shows correlations between the water

level fluctuations in the basalt, alluvial, and fill water-bearing

units, East and West Doane lakes, the Willamette River and average daily

barometric pressure from wells W-6 and W-l1. The correlation coef-

ficient values range between +1. 0 to -1. 0 and are a relative means of

comparing the positive or negative correlation between variation in

sequences of data. A correlation coefficient of +1.0 indicates that the

two sequences compared vary in exactly the same manner. A correlation

coefficient of -1. 0 indicates that the two sequences compared vary in

exactly the opposite manner. A correlation coefficient of zero

indicates no statistical correlation exists between the compared data

sequences.

TABLE 4.4-1
WATER LEVEL CORRELATIONS

•
Water Level Correlations

W-6B (basalt) vs W-6D (lower alluvium)
W-6D (lower alluvium) vs W-S (upper alluvium)
W-6B vs Willamette River stage
W-6D vs Willamette River stage
W-6D vs East Doane Lake stage
W-6D vs average daily barometric pressure
W-llB (basalt) vs W-IID (lower alluvium)
W-llD (lower alluvium) 'vs W-llI (upper alluvium)
W-llD (lower alluvium) vs W-llS (fill)
W-1ID vs Willamette River stage
W-llB vs Willamette River stage
W-llD vs East Doane Lake stage
W-I1D vs average daily barometric pressure
East Doane Lake stage vs West Doane Lake stage

Correlation
Coefficient

.967

.998

.706

.768

.9J3
-.340

.978

.984

.949

.840

.362

.871
-.300

.935

••

As can be seen, the water levels are highly correlated with each

other (which can also be verified by inspection of Figures 03.3-1 to

03.3-9, Appendix D) at each well and with the lake water levels. This

suggests that the lakes and water-bearing units are responding to simi

lar driving mechanisms and/or are influencing each other. As shown in

Figure 4.4-15, ground-wate~ Levels and Lake levels rise in response to
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rainfall. The water level responses to rainfall inputs become more

pronounced later in fall and winter over the period of record. This

reflects the fact that the unsaturated zone transmits infiltrated rain

fall to the ground water more efficiently after the soil reaches field

capacity and that runoff to the lakes is also enhanced after the soil

reaches field capacity or becomes saturated.

The strong ~orrelation between lake levels and ground-water levels

indicates that the lakes are important sources of recharge or discharge.

This concept is further verified by inspection of the cross sections in

Figures 4.4-7 and 4.4-8. As shown in Figures 4.4-7 and 4.4-8, water

level elevations in East Doane Lake are above the water level elevations

in the fill, alluvial and basalt water-bearing units. This condition

exists throughout the period of record. The water level elevation in

West Doane Lake is also above the water level elevations in the alluvial

and basalt water-bearing units, but is lower than the water level eleva

tion in the fill water-bearing unit, which indicates ground water from

the fill discharges into West Doane Lake.

The immediate response of the ground-water levels and lake levels to

each other indicates that ground water and the lakes are all hydrauli

cally connected and the '~ater-bearing units are locally confined or

semi-confined.

The correlation between the Willamette River levels and ground

water levels indicate they are hydraulically connected. Ground '~ater

flows toward the Willamette River, although the slope of the hydraulic

gradient will change as river level fluctuations alter the ground-water

levels.

Surface Water

The Willamette River is affected by tidal influences ~ia the

Columbia River. Data supplied by the National Weather Service show these

tidal influences raise and lower the Willamette River as much as 4 feet

over a period of 24-hours (Stiger 1987). The tidal fluctuations will

affect the ground-water levels by changing the water levels in the

Willamette River.
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Surface water fluctuations in East and West Doane lakes are the

result of precipitation, including direct precipitation on the lakes,

collection of surface runoff, and indirectly by the rise of upgradient

ground water which discharges to the lakes.

Ground-water level elevations and hydrographs of the water levels

are presented in Appendix D3, Table D3. 2-1 and Figures D3. 3-1 through

03.3-9.

4.4.3.2 Hydraulic Gradients

Water levels measured throughout the study were compared to deter

mine variation of hydraulic gradients and direction of hydraulic gra

dients. We felt that water levels measured on October 23, 1987 and

water levels measured on February 3, 1987 were representative of the

range of water levels and gradient variation observed on site throughout

the study.

Horizontal hydraulic gradients for water levels measured October

23, 1986 in wells completed in the fill water-bearing zone varied from

about 3 feet in 400 feet (0.75 percent) to about 4 feet in 1,500 feet

(0.27 percent). The predominant direction of ground-water flow is

northward. The hydraulic gradients in the southwest part of the site

may be affected by the Rhone-Poulenc ground-water withdrawal/recovery

system during the dry time of year (however, this has not been

investigated) .

Horizontal hydraulic gradients for water levels measured October

23, 1986 in wells completed in the upper alluvial water-bearing zone

varied from nearly flat to about 12.5 feet in 700 feet (1.79 percent).

Hydraulic gradients in the upper part of the alluvial aquifer are

locally complex and appear to be affected by the placement of screens in

several different stratigraphic intervals. Regardless of these

complexities, gradients for the alluvial aquifer are generally to the

north-northwest, with a northeast component from East Doane Lake towards

N.W. Front Street and a northwest component from East Doane Lake towards

West Doane Lake.
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Horizontal hydraul~c gradients for water levels measured October

23, 1986 in wells completed in the lower alluvium wells are generally

uniform and to the north at about 12 feet in 1,300 feet (0.90 percent>

(Figure 4.4-13). A northeast deflection of the hydraulic gradient near

well W-8D may reflect the influence of infiltration from the West Doane

Lake remnant or the rise of the basalt bedrock in that area.

Horizontal hydraulic gradients in the fill and alluvial aquifer for

water levels measured on February 3, 1987 are generally simila~ to those

during October 23, 1986. However, as shown in Figure 4.4-10, a ground

water mound is inferred at well W-llS. This mound may be caused by

rainfall infiltration, as discussed in Section 4.4.2.2.

The differences in water level elevation between October 23, 1986

and February 3, 1987 for the fill, upper alluvial, and lower alluvial

water-bearing zones are shown in Figures 4.4-16 through 4.4-18. These

figures provide an estimate of the areal distribution and magnitude of

variation of water levels between these two measurement periods •

Downward vertical hydraulic' gradients exist b~neath the site. The

vertical gradients are determined from the water levels in closely

spaced wells that monitor the water pressure in the fill, upper alluvial,

and lower alluvial water-bearing zones. Hydrographs of 10 well clusters

for the period betwe~n August 16, 1986 through February 12, 1987 are

shown in Appendix 03, Figures 03.3-3 through 03.3-9. Precipitation

records are also plotted on these hydrographs to illustrate the effects

of rainfall on the water levels. In general, the shallow wells have

water levels that are higher in elevation than water levels in wells

completed in deeper zones.

The areal distribution of downward hydraulic gradients between the

fill and alluvium are shown in Figure 4.4-19 for January 13, 1987. The

vertical hydraulic gradients in the well clusters are generally downward

between the fill and the alluvium •

The two well clusters (W-6 and W-lll which monitor the water levels

in the alluvial and basalt water-bearing zones show that vertical
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levels in well cluster W-6 indicate that a downward gradient exists

between the alluvium and the basalt.•
hydraulic gradients exist between the alluvium and basalt. The water

•

The water level in the basalt at well cluster W-ll has generally

been about 0.3 to 0.5 feet above the water level in a well completed in

the overlying alluvium. This indicates an upward hydraulic gradient

exists between the alluvium and the basalt. It appears that the direc

tion of vertical ground-water flow in the basalt reverses fro@ downward

near the Portland Hills to upward near the Willamette River. This

change in vertical flow direction is consistent with that observed in

other areas of the Portland Basin (Brown 1963; Hogerson & Foxworthy

1965) •

4.4.3.3 Hydraulic Conductivity

The hydraulic conductivity of the water-bearing units beneath the

site were estimated from in-situ 'slug test data for horizontal hydraulic

conductivity (Kh). The Kh results were calculated by the Hvorslev Basic

Time Lag method (Hvorslev 1951>. The vertical hydraulic cdnductivity

(~) values were measured in the laboratory on soil samples collected

in-situ from soil borings. The hydraulic conductivity results are pre-

sented in Tables 4.2-1, 4.2-2, and 4.4-2).

The K
h

values of the fill range from 10-5 to greater than 10-2

em/sec. The estimated value of various soil types in the fill range
-3 -2 -4from 10 to more t han 10 em/sec for sand, approximately 10 em/sec

for clayey silt to silt, 10-3 to 10-2 cm/sec for the battery casing

fragments, and 10-3 to 10- 2 em/sec for the matte.

that the clay cap is ~c:~al~y a clayey silt to sandy si~:.

The hydraulic :~~c~c:ivity of the alluvium was estimated from

results of in-situ s ~ -.::.: -:.~sts. ;,'he K. val ues of the alluvium range from
:1

Sieve ana:jses (Appendix D5) and permeability data indicate

•e

The K of thev
the sandy material,

from 3.5 x 10-5 to

property .

fill range from 3.7 x 10-6 to 3 x 10-2 em/sec for
-4average 2.7 x 10 em/sec for the silt and range

l . S x 10- 2 em/sec for the "clay cap" on the ESCO
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:';OCLD ffiL.L I:"l:.N"1EABILITY DATA: -'lL .. _.vrtlNG

~\BLE 4.4-2

• S
1

WE1.L 0
DESIGNATION a

Kh
(CM/SEC]
100:1

FORMATION MATE~IAL

.~ELL.s

.........•.....•......-...••.............••-..•......•.•....•...-.------- --.._--_ ..--

•

•e

BASALT AQUIFER
""-l1B a

\11-6B .;
ALLUVIUM AQUIFER

RPW-Io 0
W-80 0

RPW-50 D
\1I-1D D

\11-302 0
W-160 D
RPW-20 0
W-150 0

\11-60 0
\11-12D 0
RPW-3o 0
RPW-4D D
""-20 D

\1I-UO 0
»-n I
W-121 I
PP-8 I
\1-30 I

1'1-100 1
W-161 1

'11-90 I
"'-70 I
W-6S I

1'1-151 I
\11-111 !

'/i-4C
FILl. AQU!FER

W-7S 5
PP-6 S

\11-125 S
w-US S
P-4 S
P-2 S
P-3 S

W-16S S
P-1 S

'II-iSS S

4£-04
3E-03

3E-03
2£-03
1E;.03
le-04
7E-04
2E-04
3£-04
lE-04
6E-04
1E-04
4E-03
9E-04
7E-06
3E-~4

5E-05
2E-06
3E-05
5E-05
2E-03
IE-OS
6E-06
2E-04
4E-04
5E-04
4E-04
4E-06

2E-02
2E-02
3E-04
2f-04
1E-04
7E-02
7E-04
2£-03
2£-03
7E-03

BASALT
BASALT

SANDY SILT/SILTY SAND
80% SILT 20% SANDY SILT
SANDY SILT/SILTY SAND
SANOY SILT/SILTY SAND
70% SILTY SAND 25% CLAYEY SILT S% SILT
SANDY SILT/SILTY SAND
95: SAND 5: SILTY SAND

SILT
SAND

70: SILTY CLAY 30% SANDY SILT\SILTY SAND
SAND

60% SAND 40: SILTY SAND/SANDY SILT
55% SILTY SAND/SANDY SILT· 45: CLAYEY SILT
CUYEY 9ILT
66% SILTY SAND/SANDY SILT 34% SAND
55: SILT 45: SANDY SILT/SILTY SAND
SANDY SILT/SILTY SAND
SANDY SILT/SILTY SAND
80: SAND 20: SILTY SAND/SANDY SILT
CLAYEY SILT
65% SANDY SILT 3S% FILL SILT WITH METAL FRAGMENTS
15% SAND 2S: SANDY SILT/SILTY SAND
60: SILTY SAND/SANOY SILT 35% SILTY CLAY/CLAYEY SILT 5: SILT

SAND
80: CLAYEY SILT/SILTY CLAY 20% SI~iY SAND/SANOY SILT
SANDY SILT/SILTY SAND

BATTERY CASINGS
80: BATERY CASINGS 20% SAND
SILTY SAND/SANDY SILT WITH SLAG GRAVEL
66% SAND 34% SILT
SAND AND RUBBLE
66: SAND 34% FILL (MATTEI

SAND
oJ% SAND 40% SILT
70: SAND 30% SILTY CLAY
90: rILL (GRAVE~1 20: SANDY SILT/SILTY SAND
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-6 -2less than 10 to more than 10 em/sec. The Kh values of the sand have
-3 -2been estimated to range from 10 to 10 em/sec. The sandy silt to

silty sand is estimated to range from 10-6 to 10-3 em/sec. The clayey

silt to silty clay is estimated to range from 10-5 to less than

10-6 em/sec. K values range from 10-8 to 10-2 em/sec.
v

-4Hydraulic conductivity of the basalt ranges from 4 x 10 to 3 x

10-3. em/sec (Table 4.4-2l. The vertical permeability of the basalt is

likely to be similar to the horizontal permeability due to th~ uniform

fracture patterns that are typical of basalts.

Previous studies near the southern portion of the site show similar

values of hydraulic conductivity (Dames & Moore 1983). The values esti

mated during this investigation are typical for clays, silts, fine to

medium sands and mixtures of sand silts and clays.

4.4.3.4 Transmissivities

The transmissivity of an aquifer is defined as the,product of the

horizontal hydraulic conductivity (Kh) and the saturated thickness of

the aquifer (Ol and is expressed by the equation

T = (K) u»

In order to estimate representative values for transmissivity for

the water-bearing zones beneath the site, the saturated thicknesses and

average hydraulic conductivities of the zones were identified.

The saturated thickness of the fill water-bearing zone increases

from south to north. At well ~-l, the saturated thickness of the fill

averages approximately 10 feet and at well W-llS, averages approximately

14 feet.

The values of horizontal hydraulic conductivity measured in the

fill show a wide areal variation of several orders of magnitude. A

feasible means of estimating a representative value for the hydraulic

conductivity of the aquifer is to calculate the geometric mean of the

measured values. Using a geometric mean of 2.2 x 10-3 em/a for the
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horizontal hydraulic conductivity of the fill, the transmissivity at

well P-l is estimated to be 62 ft 2/day and at well W-llS, 87 ft 2/day.

The transmissivity of the alluvium is estimated by considering the

upper and lower alluvial zones as one unit. This is justified because

the lithologic differences between the two units are not pronounced and

the piezometric. surfaces of the water-bearing units are nearly coin

cident.

The thickness of the alluvium ranges from approximately 40 feet at

the southern end of the site to approximately 90 feet at the northern

end. The geometric mean of the horizontal hydraulic conductivity values

for the alluvium is 1. 6 x 10-4 em/sec. This estimate was refined by

recognizing that sands and silts are the two dominant soil types that

were present in the alluvial deposits. The percentage of sand and silt

in the alluvium was estimated from the geologic cross-sections (Plates

4A, a, C) and geometric mean values for the hydraulic conductivities of

the sand and silt strata (as identified on Table 4.4-2) were calculated•

The average ~ for the entire deposit was then estimated by calculating

a weighted average. The calculated weighted average of ~ is 1. 7 x

10-4 em/sec.

Using the weighted average Kh value, the transmissivity of the

alluvial water-bearing zone at the southern end of the site was esti

mated to be approximately 20 ft 2/day and at the northern end 43

ft 2/day.

No information concerning the depth of weathering and saturation is

available for the basalt beneath the site. Therefore, it is not feasible

to estimate the transmissivity of the basalt water-bearing zone.

4.4.3.5 Ground-Water Flow Velocity

The average linear ground-water flow velocity is estimated from

Darcy's Law:

v = Kiln
where

v = average linear ground-water velocity
K = hydraulic conductivity

4-36

SCOEPA00004215



• i = hydraulic gradient
n = effective porosity (also referred to as specific yield)

The horizontal hydraulic gradients in the fill and the alluvial

water-bearing zones range from nearly zero to approximately 0.01 ft/ft

(1 percent). The horizontal hydraulic conductivity ranges from 10-2 to

10-3 em/sec for the fill and 10-3 to 10-4 em/sec for the alluvium.

By using the horizontal hydraulic gradient of 0.01 ft/ft and an

assumed effective porosity of 0.20 (Todd 1980), the estimated, linear

horizontal ground-water flow velocity in the fill ranges from 0.1 to 1

ft/day and 0.01 to 0.1 ft/day in the alluvium.

The vertical hydraulic gradients in the fill range from 0.01 to

0.045 ft/ft. The vertical hydraulic gradient in the alluvium ranges

•
from nearly zero to 0.1 ft/ft. The direction of flow is downward. The

vertical hydraulic conductivity in the fill ranges from 10-1 to less

than 10-6 em/sec with a geometric mean of 10-3 em/sec. The Kv of the

alluvium ranges from 10-2 to 10-8 em/sec with a geometric mean of

10-5 em/sec.

By using the geometric mean values of Kv for the fill and alluvium,

the average, linear, vertical ground-water flow velocity in the fill

ranges from 0.1 to 6 ft/day and nearly ~ero to 0.01 ft/day in the allu-

vium.

4.4.3.6 Annual Water Budget Analyses for the Fill Alluvial Aquifers

The purpose for estimating a water budget for the saturated fill

and alluvial. aquifers beneath the site is to identify the hydraulic

parameters that control the ground-water flow system and to quantify the

ground-water recharge and discharge beneath the site. The conceptual

model of water budget analysis is presented in Figure 4.4-20.

state ground-water flow conditions prevail and as such, the ground-water

recharge is equal to ground-water discharge.

analysis to function as one aquifer.••
Assumptions: The fill and alluvial aquifers are assumed in this

It is also assumed that steady-
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•
Ground-water recharge has three components: 1) infiltration from

precipitation; 2) infiltration from the surface water bodies; and 3)

lateral inflow into the water-bearing units.

Ground-water discharge has two components: 1) leakage from the

•

••

base of the water-bearing units into the underlying basalt; and 2)

lateral outflow from the water-bearing units.

The conceptual model of the steady-state flow system and of the

water budget analysis is shown in Figure 4.4-20.

Recharge: As mentioned above, recharge has three components: 1)

infiltration from precipitation; 2) infiltration from East and West

Doane lakes; and 3) lateral inflow into the water-bearing units.

The infiltration of precipitation was not measured at the site;

however, estimates of annual recharge from rainfall for the Willamette

Valley have ranged from 1.5 inches to 18 inches or more, and may average

approximately 20 percent of rainfall (8 inches) for the region (State of

Oregon, 1983).

Infiltration from East and West Doane lakes can be estimated by

using Darcy's Law assuming an average depth in the lakes, a flow path

length and a vertical hydraulic conductivity estimate.

The vertical hydraulic conductivity of the materials immediately

beneath the lakes is assumed to be 10-5 cm/sec. The length of the flow

path is assumed to be equal to the average depth of the fill below the

lakes, approximately 15 feet.

Lateral inflow to the fill alluvial water-bearing unit is estimated

from the average hydraulic gradients and hydraulic conductivities (Kh).
The average ~ for t~e fill is 2.2 x 10-3 em sec and the average

hydraulic gradient is J.Jl .

A weighted a ver ac e ~ai<e deprh is estimated from the surface ar aa

and average depth of ~a.c~ Lake , The surface areas of East and West

Doane lakes are approx:T3:elj 200,000 ft 2 and 100,000 ft 2, respectively.
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The average depths of East and West Doane lakes are 8.4 feet and 3.3• feet, respectively.

feet.

The resulting weighted average lake depth is 6.7

Discharge: Ground-water discharge from beneath the site has two

•

components: L) leakage from the base of the alluvium~ and 2) lateral

outE low. Lateral outf low can be estimated using Darcy's Law, with

average ~ values and hydraulic gradients in the same manner as the

lateral inflow. Leakage from the alluvium into the basalt is ~stimated

to range from 0.5 to 1.0 feet/year.

The area of interest is approximately 77 acres, which includes the

surrounding properties of ESCO, Inc., Rhone-Pouleric, Inc., Schnitzer

Investment Corp., Liquid Air Corp., American Steel Industries, and

Gould, Inc.

Technical Approach: Lateral inflow, lateral outflow, and infiltra

tion from the lakes is controlled by the geometry and hydraulic proper

ties of the ground-water system. These parameters have been estimated,

and are considered known for the purposes of the water, budget analys£s.

Estimates of infiltration of precipitation and discharge to the basalt

are uncertain, and will be evaluated using a parametric approach. The

infiltration parameter will be varied b~tween 5 and 20 inches annually

in increments of 5 Lnches , The leakage rate to the basalt will be

••

varied between .5 and 2 feet/year in increments of .5 feet. The sen

sitivity of the system to varying these two parameters will be evaluated

by comparing the percent error between total recharge and total

discharge.

Solution:

The water budget is calculated by:

Ql + Q2 + Q3 - Q4 - Q5 ~ 0

Where

Ql = infiltration rate from precipitation into the aquifer
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t\

02 • infiltration rate from the surface water bodies into the
aquifer

03 • lateral inflow rate into the aquifer
04 • lateral outflow rate into the aquifer
05 • leakage rate from the aquifer into the basalt

The water budget calculations are presented in Table 4.4-1.

Calculations:

01 - Rainfall Infiltration

Case Infiltration Area Volume

1 5 inches/yr 3,060,000 ft 2 1,275,000 ft 3/yr
2 10 inches/yr 3,060,000 ft 2 2,550,000 ft 3/yr
3 15 inches/yr 3,060,000 ft 2 3,825,000 ft 3/yr
4 20 inches/yr 3,060,000 ft 2 5,100,000 ft 3/yr

*Note: Area is the area of interest (77 acres) minus the lake area,
which is treated separately.

02 - Infiltration from Surface Water Bodies

Hydraulic Gradient = 0.45
Hydraulic Conductivity = 10-5 em/sec = 10.35 ft/year
Total Area of lakes = 306,000 ft 2

o = KiA (Darcy's Law)
where

o • flow rate
i = hydraulic gradient
K = hydraulic conductivity
A = area of ~echarge

Q = (10.35 ft/yr) '0.45) (300,000 ft 2) = 1,400,000 ft 3/yr

Q3 - Lateral Inflow

Fill

Transmissivity = T = 62 ft 2/day
Width of flow = W = 1,440 feet
Hydraulic Gradient = i = .005

o = (62 ft 2/day) (365 days/yr) (l,440 feet)(.005) = 162,000 ft 3/yr
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• Alluvium

T • 20 ft 2/day
W • 1,440 ft
i .. •01

Q .. (20 ft 2/day)

Q4 - Lateral Outflow

Fill

T .. 87 ft 2/day
W• 1,440 feet
i •• 005

(365 days/yr) (1,440 feet)(.Ol) = 105,000 ft 3/yr

•

••

Q .. (87 ft 2/day)(36S)(1,440)(.00S) .. 229,000 ft 3/yr

Alluvium

T .. 43 ft 2/day
W .. 1,440 feet
i ... 01

Q .. (43 ft 2/day) (365) (1,440 feet)(.Ol) .. 226,000 ft 3/yr

QS -Leakage to Basalt

Case Leakage Rate Area Volume

1 0.5 foot/yr 3,360,000 ft 2 1,680,000 ft 3/yr
2 1.0 foot/yr 3,360,000 ft 2 3,360,000 ft 3/yr
3 1.5 foot/yr 3,360~000 ft 2 5.,040,000 ft 3/yr
4 2.0 foot/yr 3,360,000 ft 2 6,720,000 ft 3/yr

Water Budget Calculations

Total Inflow Total Outflow
Case (Q;+Q2+Q3 ) (Q4+QS) Percent Error

1 2,943,000 1,623,000 +29
2 4,218,000 3,815,000 +5.0
3 5,493,000 5,495,000 0.0
4 6,768,000 7,175,000 -3.0
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•
Summary

The hydraulic parameters identified in this analysis are:

o

o

o

o

o

o

Infiltration rate from precipitation;

Infiltration rate from the surface water bodies;

Depth of water in the surface water bodies;

Vertical and horizontal hydraulic conductivities;

Saturated thickness, and

Horizontal hydraulic gradients.

•

The hydraulic parameters that significantly control the ground

water flow system in the vicinity of the Gould site are infiltration by

precipitation, infiltration from the surface water bodies, lateral

inflow and outflow, and leakage into the underlying basalts. Based upon

the data and assumptions presented in this water budget analysis, the

infiltration from precipitation and leakage into the basalts were not as

well defined as the other components of ground-water recharge and dis

charge. The sensitivity of infiltration from precipitation and leakage

into the basalts were tested by varying the assumed rates while keeping

the other components of recharge and discharge constant. The lowest

percent error was zero percent for an infiltration rate of 15 in/yr and

a leakage rate of 1.5 ft/yr.

••

The quantity of recharge

infiltration and the quantity of

leakage to the basalt •

is clearly dominated by rainfall

discharge is clearly dominated by
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Aquifer

Surface Water Body

/

•

•e

°1 = Infiltration Rate from Precipitation

°2 = Infiltration Rate from the Surface Water Body

°3 =Lateral Inflow Rate

°4 =Lateral Outflow Rate

Os = Leakage Rate into the Basalt

NL IND, INC./GOULD. INC.
REMEDIAL INVESTIGATION

CONCEPTUAL ~ODEL OF WATER
BUDGET ANALYSIS

.,
(')

o
I-(')

G-- IFIG.4.4-20 DAMES & MOOR
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4.5 CONTAMINANT MIGRATION

4.5.1 Contaminants

The primary wastes produced as a result of operations on the Gould

site are shredded battery casings, battery electrolyte (sulfuric acid)

and blast furnace matte. The primary contaminant of concern from these

sources is lead; arsenic, zinc, chromium, cadmium, and sulfate are

potential secondary contaminants.

Adjacent industries produced various other types of contaminants

that were disposed of on or near the site. These additional wastes

include' hydrated lime, alkaline acetylene waste, shredded automobile

interiors, herbicides and other organics (phenols), demolition debris,

metallic wastes, steel scrap and zirconium casting sand. This study is

focused on the wastes associated with the Gould operations.

4.5.2 Soil Contaminant Delineation

-4.5.2.1 Fill

Distribution of metals (lead, arsenic, cadmium, chromium, iron, and

zinc) sulfate, pH and cation exchange capacity were evaluated by analy

sis of 47 subsurface samples of the fill. Samples were collected from

four soil borings (B-5" 8-6, B-8 and 8-10) and from five monitoring well

locations (W-], W-7, W-ll, W-l5 and W-l6). Seven of the subsurface

samples were duplicates; thus a total of 40 subsurface locations within

the fill were sampled and analyzed. Boring and well locations are shown

on Figure 4.5-1. In addition, SO samples of the top few inches of the

fill were sampled and analyzed to evaluate the surficial distribution of

potential contamination. Surface soil sample locations are shown on

Figure 4.5-2. Six of the surface samples were duplicates, thus a total

of 44 surface locations were sampled and analyzed. (Refer to Appendices

A, B, and C, respectively, for a discussion of soil sampling procedures,

QA/QC protocol, and results of the laboratory analyses.)

All surface and subsurface samples of the fill were analyzed for

lead and pH. Twenty-four of the subsurface samples were analyzed for
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arsenic and hexavalent chromium, while 28 were analyzed for cadmium,

chromium, zinc, iron, sulfate and cation exchange capacity. Eleven of

the surface samples were analyzed for hexavalent chromium, while 14 were

analyzed for arsenic, cadmium, chromium, zinc, iron, sulfate, and cation

exchange capacity. Results of the subsurface analyses of the fill are

summarized on Table 4.5-1. Results of the analyses of the surface

samples of the fill are shown on Table 4.5-2. Surface distribution of

the various analytes is shown on Figures 4.5-3 through 4.5-10.

All locations in the fill where subsurface samples were analyzed

have at least one sample which shows some evidence of metal or sulfate

contamination. Subsurface distribution of lead concentrations is shown

on Figures D6-l and D6-l2 (Appendix D6) in the form of lead concentra

tion versus distance from the fill/alluvium contact. Distributions

versus distance from the contact are shown for arsenic, cadmium, chro

mium, zinc, iron, sulfate and pH on Figures D6-l3 through D6-20.

The fill at well W-7 has the highest concentrations of lead found

in any of the. soil samples taken for this stUdy. This is to be expected

because the well is in the area where battery casing fragments were

buried off the Gould property (see Section 3.2.3). Indeed, the analyses

of the two uppermost samples from W-7 (W-7-l and W-7-2) are probably

more representative of the casing fragm~nts than they are of the fill

(lead concentrations of 2.6 and 6.7 percent).

The !?attern of lead occur.renee in surface soils (Figure 4.5-4)

corresponds to areas where battery casing fragments were buried or pro

cessed, as shown on Figure 3.2-3. Although few samples of surface soil

from the fill were evaluated for other metals, the distribution of high

metal concentration occurrences is generally similar to that for lead

(Figures 4.5-5 to 4.5-10; concentration in surface soils for arsenic,

cadmium, chromium, zinc, iron and sulfate, respectively).

There are two ex~e?t~ons to this !?attern. One is the chromium con

centration of 170 ppm _~ 5S-32, located in the southeastern corner of

the ESCO property (Fi=u:~ 4.5-7). This sample was taken from the clay

cap emplaced over t~e :i11 on the ESCO property. This chromium
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concentration occurrence may have been introduced during the emplacement

of the clay cap. The clay cap may have contained metal chips from the

pug mill used to process the clay.

The second exception is the three samples from Liquid Air and

Schnitzer property (S-15, S-17 and S-19) that have chromium concentra

tions from 120 to 390 ppm. These, and other samples from that area

(S-16.and S-18) also have high lead and zinc concentrations. The sources

of these concentrations are unknown.

In summary, variable concentrations of metals are present in much

of the fill. The distribution of concentrations appears to be directly

related to the known site history and to the various types of fills

placed in Doane Lake. No obvious pattern of contaminant migration

within the fills is apparent from the data, however, there appears to be

a rough relationship between distance from the lakes or the battery

fragments and lead concentrations. Plots of lead concentration versus

the distance of the sample from the East Doane Lake remnant or the

buried casing fragments (whichever is closer) are presented Ln Figure

4.5-11. This figure shows that concentrations decrease at increasing

distances from the identified sources.

4.5.2.2 Doane Lake and Willamette River Sediments

Sediment samples' collected from the east remnant contained total

lead concentrations ranging from 160 mg/kg (parts per million) to 12,000

mg/kg. Total lead concentration was consistently highest at station

SO-02 (Figure 4.5-12) in all sampling rounds, ranging from 3,900 mg/kg

to 12,000 mg/kg (Appendix C, Table C-3l. Other stations in the east

remnant with relatively high total lead concentrations included SO-Ol

(4,100 mg/kg in round 3 l, 50-03 (2,600 mg/kg in round 3), and 50-11

(4,900 mg/kg in round 3). EP Toxicity tests for lead at station 50-02

showed a concentration of 28 mg/l leachable lead. No other stations in

the east remnant had leachable lead concentrations greater than the EP

Toxicity limit of 5 mg/l Eor hazardous waste designation •

Highest total arsenic concentrations were measured at 50-01 (99

mg/kg) and 50-11 (98 and 160 mg/kg; Appendix C, Table C-3). Total
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cadmium was highest at station SD-02 (36 mg/kg). None of these metals

exceeded EP Toxicity limits.

West Doane Lake remnant sediment samples collected in 1986 and

February 1987 had relatively uniform total lead concentrations at the

southern end and middle portion of the remnant (1,500 and 1,000 mg/kg

lead, respectively~ Appendix C, Table C-3). The concentrations in

samples from the northern end of the west remnant were much lower,

ranging from 240 to 780 mg/kg lead. Total arsenic concentrations ranged

from 20 to 76 mg/kg, total cadmium from 2.2 to 6.5 mg/kg, total chromium

from 110 to 2,200 mg/kg, and total zinc from 440 to 2,000 mg/kg. EP

Toxicity test results for lead, arsenic, cadmium, and chromium in west

remnant sediments were all below hazardous waste limits.

Sediments collected in the Willamette River during August 1986 and

February 1987 had generally low metals concentrations. Total lead con

centrations ranged from 26 to 56 mg/kg (Appendix C, Table C-3). Other

metals concentrations included total arsenic at 5.7 to 6.2 mg/kg, total

chromium at 9 to 26 mg/kg, and total zinc at 72 to 82 mg/kg. Cadmium

and hexavalent chromium concentrations were near or below the detection

limits.

4.5.2.3 Alluvium

Distribution of metals (lead, arsenic, cadmium, chromium, zinc and

iron), sulfate, pH, and cation exchange capacity in the alluvium were

evaluated by analysis of 53 samples of the alluvium. The samples were

collected from soil borings (B-5, B-6, B-8, and B-IO) and from five of

the monitoring well borings (W-6, W-7, W-ll, W-15, and W-16), as shown

on Figure 4.5-1. All samples were analyzed for lead and pH. Eight of

the 53 samples were selected at random for analyses for the remaining

analytes. Table 4.5-3 summarizes the results of these analyses for

samples of the alluvium. To facilitate evaluation of the potential

migration of contamination of lead and other metals into the alluvium

from the fill, the depth of the samples below the top of the alluviQrn is

also shown on Table 4.5-3. Depth of the sample below ground surface,

coordinates of the 'Nell/boring, and the sample designation· are also

shown.
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TABLE 4.5-2 SHEET 1 OF 2
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5-16 10m Uti stalfACf U 11 IU

HI 11111 tm 5l.IfACl I "
IU

SOu m. tJOO SWACf U U 19.1

Son tlU tm stalfAU u U 11.1

5-'0 tlU "n 5U11fACE '-' 11 to.•

son 10m tm SUlFAU J.t U '1.$

Sou lOW "'. SUlfACf U 21
16.1

s-u-~ IOUI "U SlMfACl U "
'Ll

SOu 10m tlU SUllfAU U II IU

Sou tm "" SlMfACf I.' 11 11.1

s·u tin 10m SUIlfACf I .• 20
110./

'1.6

Sou 1I0U UOI SUlfAU ... m I.' u Jtt mo. u I. I .U

s·u IIIU '$11 SUlfAU I.' m " u II' uo mo. Jl It ".1
5-11 11'" .... SIJIlFACf U IS

...,
S-II~~"

.... stalf"'f U 100
12.1

S-II U 1111 SIJIlfACf ... 110 • 15.1

S-It u "" 5UifACl U 140 U UI HI mOl JO "••:Sou mo .". SIJIlF"'l ... "
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TABLE 4.5-2
SIIIIAI. ,. CH(IIICAl AIIAl'SU
5lIlfAC( SOilS AIID IACIGIOUlID III

SHEET 2 OF 2

USI IlOIIIl
SA!I'l( COOID COOID

6l0lOGIC
U.II pll AI Cd C, lie. C, ,. "c «C.,

IOIAl
SOliDS

..... - -.---_ --_ ------_ _._ --_ -_ _ ------_.- _._ -_._ _ - _._ ----_ _ -_ .

5-U I 1AC1'" , .1 IS JJ.I
SoU ".'tt" • IACIGlllUII U Ii .l.6
S-~' I to • IACIGlOUU , U 'U
s-~t Fia. 4.S-13 IACIGllOOID U 11 lU

'"" IACI&lWII U Ii IS

IIOIU

IACIGIIOUlID AVUAIil
IACI&lUD IWlld
IACIGIIOUIID SID III

aLtlllt. 5~'US

AllUVlllt AlftA6f
Alluvillt IW IlUl
AllUVlllt SID IIU

.lItBfl Of SAIft1S

U
'.1
U

u

6.t
11.1
l.6

51.0

1406
.U
2U

20.t
.U
11.6

51.'

u
U
1.1

U
I.'
t.'

t.1

2U
11.0
, .1

...

1.1
1.1
U

u.,
It.t
11.6

1.1

W~I.I

moo.1
StIl.I

'.1

,..,
160.0
J'.5

I.'

u.•
16.1
U

...

1) Value tor dioalytQ on left 15 ...:oncolll"dl&uu irl JOg/kg (ppm).

~) f(eftir to Figure 4.~-2 tor .5Ull .. .,,;ti ~ul1 r c c c t Lc.u a .
3) Raftir to Figure 4.5-13 for backsround ~ample locatlons .

• • ••
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TARl.E 4.')-')

GROUND WATER - ROUND I (Aug - Sept, 1986), HOUND 2 (Dec, 1986 - Jan, 1987),
AND ROUND 3 (Feb, 1987) ANALYSIS HESULTS

PAGE I OF 2

b 1ft kllJ.'O UIoHNlI'III OAII pH pH 1.1. '" I.a. '" .IS. ~b 0". A' DIS. U ai,. c. ai •• la D.'. r. a.,. so. lex: .". CI Oi,...l.UI II ro••,. Ii,. C. Ii,. I ai,. lit • i.... [C lU. 1I/IIlI•
SA/lIU I lidO I•• ..II. atI\. ../l .~Jl egIl ",II. at/l ../L ..II. ",II. ....L ..II. ",Il ....L ",Il ",II. ....L 00I0o/'" liJl "'i'l
---------- - --------_.- -----_. ---_.- ----_.---._- .- ------- ------- ... -----------_._-- --.--- -.--------_.-------- .._-_. __. -_.-- --._------------_.._--------------------_.- ...-----------_.._---------------------------------_.---_.._----------------------------------- -----------
"'SAlI lIllulfEa
won I ~llUI - I 09l0lJ86 1.2 I .• 0.02 0.00'..u 0.00211 O.OO~ a.oo211 0.1. a ~ liD O.O~ 0.21' 42.' '.00 21.00 liIO 1800 ~OO J 2JO

M-Ola 2 InB'11 IUI)/86 I.l /.1 O.OIU O.OIU O.OIU 0.005U 0.0021 O.OO~ '.001 O.OIU ., 16.00 ltD O.~ 0.180 n .• ).~ 22.00 liD 1100 440 2~0

U06a 1 2111 - U OUnl81 /.1 6.1 a.ol O.OIU O.OIU O.O~ 0.00211 O.OO~ '.006 0.06 a ~I 9.1D 2/0 ••O:lll 0.160 S5.0 1.20 21.01 :1"..0 1400 .lO 220
U0.1'-0., I '/BtU - ~ 09/01186 U 0.02 O.OO:lll '.0021 O.OO:lll 0.00211 '.12 I .5 210 O.O:lll 0.260 .2.0 '.20 2/.0. 110 1)00 taO J 210

w-IIJ I W&ll - I 09/0l/86 1.0 1.0 0.02 O.O~ 0.00211 0.006 ..~ 6.lD l4 :100 O.O:lll 0.062 200.0 ).to 14.00 18 1900 lit J 100
v ... 2 1m-II 12/16186 1.1 1.2 0.01 O.OIU O.OIU 0.00:llI 0.00211 O.OO~ O.DOt O.~ I 12 1••00 .JO O.O:lll '.001 1t0.0 6.80 n.oo 19 1800 160 1"..0
U-IID 1 ~J8 . 21 01l~1I81 6.8 6.~ 0.01 O.OIU O.OIU O.O~ 0.00211 O.OO~ 0.041 M9 21 ).10 J80 0.0'..u 0.00'..u 1t0.0 ,.~ .1.00 .0 1100 110 120
IIlllNlU/lIIllUIlER

~f-Od I_"ill "' III JO/U" "." ".1 0.02 0.02 0.02 O.O~ 0.00211 O.OO~ o.on 42.00 ~90 80.00 1100 0.0"..u 0.4JO 190.0 I.YO 110.00 190 1000 200 1100
f~ 08 1 Hll II O~/ll/ll ).9 6.) O.O~ O.O~ 0.01 0.011 0.00211 0.00:11 '.011 8.30 00 .0.00 IJOO O.O:lll 0.060 r;o.o 2.)0 9l.~ 820 5400 ~ IJOO
tt-ll 2 1."I1l ~I IlIm86 6.1 '.1 1.00 0.02 O.OIU O.O~ 0.0021 0.00~ 0.024 ]8:00 20 ".00 190 O.O:lll O.OJO 41.0 ••80 21.00 U 1100 1100 no
11'-11 1 ;')ll - II 02l~/8J 6.4 6.2 O.JIl 0.)/ •• 01 0.00:llI 0.00211 O.OO~ •• 0/9 8.30 11 10.00 190 O.O:lll 0.011 ~1.0 ••10 20.00 8. I/O 180 260
kl'lHO I 9&lll) - 10 09/18/86 6.1 6.' 0.01 O.O~ 0.00211 O.OO~ '.006 0.30 I 1100 tOOJ O.U 0.0G:il lIO.O 1.20 no. 00 160 ~IOO 190 2lOO
1/'11-1. 2 1298 - 12 1~/1II86 .. ) 6•• 0.01 0.01 O.OIU 0.005U 0.00211 O.OO~ '.011 O.OIU 1)00 tlO.OO .70 0.0:ill •• Oll tlO.O 1.90 210.00 tI 1900 tOO 2JOO
Rf'lH8 1 2)J8 - 50 01lW81 6.1 ••• O.OIU O.OIU 0.01 O.O~ 0.0021 O.~ '.210 ·22.00 1900 JOO.OO .lO 0.01 O.Oll 460.0 '.00 200.00 120 l:IOO llO 2100
U:OIO I 98:.81 - I CS/21/36 s. 1 '.5 O.OIU O.OO~ '.00211 0.DD5U 0.0" 1.30 I~ tOJ 0... 0.091 ll.O 2.60 21.00 IU 440 IJO J 170

U-OI' 2 1;'91l- 2 III 10186 6.1 6•• O.OIU O.OIU O.OIU O.O~ 0.00211 0.00:1 '.015 O."U 11 8.lO to '.41 O.llO 29.0 1.11 It.00 Il 440 120 180
U-OIO 1 2111 . • 02/11111 ..1 U O.OIU O.OIU O.OIU 0.005U 0.0021 O.~ '.01' 0.08 I 20 2.20 U '.l' '.11' lI.O l.80 ".00 Il JIlO 110 180
U021 I 98581 - 2 01/21/1" 6.0 S.8 0.21 0.610 0.00211 0.01' ,.~oo 510.00 1I0OI 200 J ll.OO ••U. 220.' 2l.00 2001.00 JOO 12000 1W .100
V020 2 UYv - 10 12119/86 6.0 1./0 1.80 '.01 0.110 0.00211 0.0" 5.000 6JOO.00 11000 16.00 IlO 1'.00 '.00:llI 19... 19.00 681.01 200 11000 IU noo
U021 1 ~·o mW81 ).1 ••1 0.4' 0.'8 0.01 O.ltO '.00211 ...01 5.900 3200.00 11000 '.It 250 lI.OO •• 181 ..... 21.00 9lO.0I 280 IlOOO 60 6000
U-020-'" 1 ~-Il 02/26181 •• 2 0.50 0••9 0.05 0.:110 0.00211 O.DOt 6.900 ltOO.OO 18000 ).ro 2tO 0.27 '.200 460.0 21.00 ~.OI 280 15DDO n 'JOO
U-Oll I 98587 - 1 0012/186 ".1 •• 2 0.01 0.021 '.00211 0.1Il ••Olt 4."'.00 ltoo 2000 J 1.60 '.51t 640.0 ".00 'lO.OO 1)00 9lOB "0 J lOOO
U-OlO 2 1298 - Z2 12/11/116 6.1 6.1 0.02 0.02 0.01 0.005 0.00211 O.DO:ill '.012 2:100.00 .901 18.00 1800 '.12 0.01t 180.' ".00 420.01 6lO 12000 10 l400
U-Oll 1 2411 - 12 02119181 6.2 ••0 '.02 0.02 0.02 0.011 0.00211 O.BOiI '.0" no.OO llOI "'0 2100 O.IS '.02. "... 16.01 291.01 1000 10000 91 2800
V-OlOI2I 2 I~I . I' IlnIJ86 1.0 6.9 O.OIU O.OIU '.OIU 0.010 0.00211 '.BOiI '.01' 0.11 • , 10.00 , 0.0:ill '.221 39.0 5.30 12.00 n 440 200 180
U-Oll121 1 2411 - 25 02121/81 &.9 1.1 0.05 O.Ot 0.01 O.OlD 0.00211 O.BOiI o.olt O.U' , .... , '.r.lII '.181 41.0 5.00 10.00 28 .eo 2.. 110
v-O.I I 98581 - • 01/21186 6.1 '.5 0.01 - 0.0l1 '.00211 '.to:lII '.160 "'.00 " 1900 J 0.0511 '.101 ..... 12.00 291.00 1110 5800 110J 2200
11-041 2 129fI- • 12111/86 U 6.1 '.02 0.02 0.011 0.01' '.00211 0.00iI ••015 290.00 II 51.00 1:100 '.0511 '.014 15O.' 11.00 "'.01 100 5100 11. 2100
V0•• 1 2... - n 02121181 '.l 6.5 0.02 0.02 '.01 0.01' 0.00211 '.00:ill ••011 30.00 au 9.70 1100 '.0511 '.011 15O•• 11.00 110.01 120 .900 120 2DDO
II-O.N,. I 2.11 - n 021211.81 '.5 •• Ol 0.02 0.01 o.on '.00211 0.00iI ••• 30.00 II '.It 1100 0.0511 '.021 161.0 II." 110.01 120 5DDO 2.. 2DOO

V0.1. I 9866t - 1 ot/04l86 6.8 '.9 0.01 0.005 '.002U '.'11 ••004• '.It 11 IlO •.a ••W 100.' .... 49.01 IU 1200 190 J 5JO
M-06I J 129fI - IS 12115/86 6.8 1.1 '.OIU O••IU '.OIV 0.006 0.00211 0.00iI ••002 0.62 • 22 10.0. II •.a '.022 n.• ••00 ••00 22 800 JOO 190
v-06I I WI - 21 .2/nlll '.5 6.' '.Ot D.OIU '.OIU '.01' 0.00211 0.00:ill '.011 "'. .. 11.00 U •.a '.0" ".. l." D.OI 18 ItO lIO ltD
U-065 I 9866t - • ot/OI/86 6.8 6.' 0.12 '.011 '.0021 •• OOJI ••Otl 1.90 • l20 .... '.ltO 11'.0 6.21 1".01 110 2100 'll J 100
v065 2 1291 - 6 12112/14 '.6 '" 0.12 0.02 '.OIU •• 005U '.00211 •• 00iI '.011 O.UU t 120.00 1000 •• ISI '.006 17'.' 1.60 It.01 .90 .lOO no 100
H65 I 2m - 2t .212211) 6.2 6.S •• OS 0... '.02 '.021 '.00211 0.0031 I.OIS .... II 24.0. 1100 ..a ' ••ll 250.' "'. 49.01 riO ~"OO 181 tto
v-065-" I 2... - lO .2122101 6.S ••OS 0.0. '.02 '.021 0.00211 '.00:1II '.01$ '.10 21 1t.00 1:100 '.05 ••on 26'.' 1." 61.01 9to ~ 160 '60
11-011 I Yllm - I ot/I5/86 ].I J.t •• U '.011 ••002U O.U' ...... 2:100." 2tOOO tiD J It.'' ••• 12 261.' ".01 2:11.01 450 laooo IU .200
U-I/I 2 1291 - • 12JIII" 1.) J.9 '.16 1.15 '.12 '.011 '.005 ••200 II.'" .,..... llOOO 21.00 460 12." '.100 221.' :10... 1....01 lID 2100 IU 5100
• -011 I 25]8 - n 02126181 l.1 l.t '.01 0." 1.01 ••Olt '.0Il '.140 ... 1100." • 26000 IS." Itt '.11 '.OtO 111.' 0... '61.01 tOO laooo IU :lOOO
1I-01t·.. I 25lI . ., .2126111 l •• 0.11 '.06 '.06 '.011 ..... '.ltO M.. I..... JtOOO ,.» '10 ..U •• Ot! 491.' ..... '40.01 .It 19000 III 5100
UBI I MlS - 2 otll5/14 1.2 6.5 '.02 '.0051 '.00211 '.0031 ..... I'." 41 2910 J •• 0511 •••21 250.' It.OI ft... 1800 11000 $tO UOI
IOU 2 UtI - t1 12121116 U 6.$ •• 06 '.05 •• OJ '.00:ill '.00211 ••OOJI '.DOt ".... 2 :10.00 2DDO •.a '.DOt ..... ".01 1:10.01 4tO .100 100 1601
MOBI J 25lI '.4 121261.' '.1 ,.. I.:) 0.10 '.02 ••00lll '.00211 •• 00iI ..... :10." .. 12." 2910 .... '.'D ••• It." Itt.OI 1200 7601 621 2000
11-091 I 11m - I 00129/" ) .. 1.1 0... 0.0:10 '.002U •• 0l5Il •.on I." 5 1100 •.a I.'" n.' ).21 ...01 1400 )400 811 liD

.-091 2 1291 - II 12111186 1.0 1.0 .... 0.04 '.01 '.02' '.00211 0.00JI 1.014 0.0111 U Ill... 1900 '.15 1.'01 ...... 6.91 D.OI no 6800 161 t20

U09. 1 25]8.1/., •• 1 6.t O.ta O.OS '.02 '.011 •• 002 ••001 ..061.50 101 ....0 IBOO '.0SlI '.091 ..... 6.60 n.OI •• 160 )to
U 101 I tII825 1186 6.1 •• 1 0.02 ..~ '.00211 O.BOiI ••• 00 121 1900 J '.0) '.'25 l2 •• ' 1).00 201.01 IU l400
MIOI 2 1198' .nI/" 6.1 6.• '.04 O.Ot '.02 '.00:ill 0.01211 0.00:llI '.01$ .00 211 UIO 1100 ••0:lU '.160 ttO•• I).DO lll.OI )00 noo
H loa I ~- .. 02lr.>/11 6.0 6.1 0.01 0.02 0.02 O.O~ '.00211 O.OO:lll '.0:.1 1l0.00 191 16.00 J200 0.01 0.061 191.0 15.01 211.01 410 1100 '20 1500
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The relationships of the concentrations versus depth for pH, lead,

arsenic, cadmium, chromium, hexavalent chromium, zinc, iron and sulfate

are shown on Figures 06-1 through 06-12 (Appendix 06). Figures 06-1 and

06-2 summarize results for lead in all borings and wells that were

sampled. Figures 06-3 through 06-12 show lead versus distance from the

fill/alluvium contact in Borings B-5, B-6, B-8 and B-IO, and wells

W-302, W-6S, W-7S, W-llO, W-150 and W-15S and W-16D, (W-120 included

with B-8, which is at the same location as are W-l6D and W-l6S).

Figures 02.3-13 to 02.3-20 show the relationship of concentration

to distance from the fill/alluvium contact for arsenic, cadmium, chro

mium, zinc, iron, sulfate and pH (respectively) for all samples.

As shown on Table 4.5-3, concentrations of the analytes evaluated

are generally low, except for iron, which is a major constituent of the

natural minerals which comprise the alluvium. Indeed, they generally are

lower than the range of background concentrations that have been

reported for the area, or were found in the background samples taken for

this study (Section. 3.0) • Background sample locat'ions are shown on

Figure 4.5-13.,

The contaminant concentrations in the alluvium suggests that

transport of significant amounts of contaminated material from the fill

has not occurred. The potential transport pathways are precipitation of

dissolved species, mechanical transport of contaminated sediments, and

adsorption of di.s soLved species. This situation would be expected

because of the low solubility of lead and other metals, and the low

mobility of sediments.

4.5.2.4 Columbia River Basalt

No chemical analyses were performed on samples of the Columbia

River Basalt, because the only samples collected were grab samples of

drill cuttings. Iron and trace metal composition of the basalt are

reported by Wright et ale (1979). Ranges of reported values are sum

marized in Table 4.5-4.

4-71
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TABLE 4.5-4

ELEMENTAL CONCENTRATIONS IN BASALT

Element

Lead
Arsenic
Cadmium
Chromium
Zinc
Iron
Sulfur

BCR-l

l7.6ppm
0.7
0.12

17
120

100,000
392

Concentration (ppm)
Frenchman Springs

NA
NA
NA

20-40
200

100,000 - 110,000
NA

•

NA - Data not available
BCR-l: Columbia River Basalt Chemical Standard
Source: Wright et ale 1979

4.5.3 Ground-Water Contaminant Delineation

Results of ground-water sample analyses from the water-bearing

units' are presented in Tables 4.5-5 and 4.5-6. Table 4.5-5 summarizes

results for metals, pH, sulfate and TOC for each of the hydrostrati-

graphic units discussed in this subsection. Table 4.5-6 presents

average, standard deviation, minimum and maximum values for the afore

mentioned analytes.

Table 4.5-7 shows correlation coefficients between pH and the

various dissolved constituents on site. Higher dissolved lead, zinc,

chromium, and sulfate are all more highly correlated with low pH (a

negative correlation) compared to the other constituents. This indi-

between arsenic and ~H ~ay indicate that this contaminant also may not

be related solely to :~e 3ctivities of Gould. If low pH, high dissolved

lead, and/or high di3sc~~ed 3ulfate exists at a well, it can be expected

cates that pH, sulfate and dissolved lead may be useful as primary indi

cators of contaminants related to activities at the Gould site. One

exception to this is high sulfate encountered at well RPW-4, which is

upgradient of the Gould property. This may indicate that sulfate con-

••
tamination is not un:,,:pe ':0 Gould I s activities. The low correlation

4-72
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STATISTICAl. EVALUATION OF GROUND WATER CHEMISTRY RESULTS. ROUNDS 1.2 and 3

SHEET 2 OF 3
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TABLE 4.5-6
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TABLE 4.5-7

CORRELATION BETWEEN pH AND DISSOLVED CONSTITUENTS

Correlation Coefficient
Dissolved Contaminant Correlations In Alluvium In Fill

pH versus Dissolved S04 -.77 -.49

pH versus Dissolved Pb -.75 -.37

pH versus Dissolved Zn -.75 -.40

pH versus Dissolved Cr -.73

pH versus Dissolved K -.71 +.69

pH versus Dissolved Fe -.46 -.39

pH versus Dissolved As -.18 +.40

pH versus Dissolved Cl -.22 -.43

• pH versus Dissolved Ec -.58 +.61

pH versus Dissolved TOC +.17 +.37

pH versus Dissolved Mg -.59 -.71

pH versus Dissolved Na -.18 +.25

pH versus Dissolved N0 3 -.49 +.49

pH versus Dissolved P04 -.26 +.37

pH versus Dissolved Ca -.36 +.26

••

*The square of the correlation coefficient provides an estimate of the
percent variation in the dependent variable explained by the indepen
dent variable (pH). Only S04' Pb, Zn and Cr in the alluvium exhibit
percent variation explained above 50 percent.
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that there are higher levels of zinc and chromium as well. This section

will focus primarily on sulfate and lead levels in the ground water as

an indicator of contamination related to Gould activities. Other con

taminants will be addressed in relation to lead and sUlfate.

Background for sulfate and other parameters can be approximated by

comparison with water samples from the wells in the basalt water-bearing

unit, as discussed in the subsequent subsection 4.5.3.4. By this com

parison, samples with sulfate greater than approximately 50 ppm are

above background. In this case, wells/piezometers which show average

sulfate levels greater than 50 ppm appear to represent a sulfate "plume"

that may have originated from disposal of battery acid and casing

fragments. This sulfate "plume" may transport lead and other soluble

metals until the pH is buffered by the natural buffering capacity of the

soils in the fill and alluvium. When the pH is buffered, the metals may

be removed from solution by precipitation. Background levels for

dissolved, total recoverables, and total lead, as indicated in the

basalt aquifer water chemistry, are equal to or below 0.01 ppm•

4.5.3.1 Lead in Ground Water

Three different lead analyses were conducted on the ground-water

samples from the site. Water samples were unfiltered prior to analyzing

for total lead and total recoverable lead, and filtered prior to analysis

of dissolved lead. Dissolved lead represents the fraction of lead in

solution determined wich no predigestion of the sample. Total lead and

total recoverable lead represent the fraction of lead present in the

sample that is obtainable after differing levels of digestion, with total

lead representing a more complete digestion than total recoverable lead.

Total and total recoverable lead in the samples includes lead that may be

adsorbed, held onto or are part of colloidal or small sediment particles.

Lead that is identified as total recoverable can be considered a com

bination of lead that is ~eld by colloidal particles, and dissolved lead.

Total lead includes a~~ :~sestible lead, including some that can be con

sidered unavailable fer ~eaction .

In general, the ,~::~:-1d-wat:er samples at all ''''ells show total and

total recoverable lead :~ 6e ~early equal. This indicates that the total
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lead in the sample is present due to a reactive or depositional process

that has removed dissolved lead from solution. The total recoverable

lead may be indicative of higher dissolved lead in the past that has sub

sequently precipitated, adsorbed, or complexed with fine colloidal sedi

ments in the formation, even though present dissolved lead levels are not

high, or the presence of total recoverable lead may be indicative of pro

cesses that have gradually removed lead from dilute solutions. In addi

tion, a process of colloidal sediment transport of lead may have been

responsible for some lead transport.

The levels of total recoverable lead measured in the ground-water

samples fluctuated widely between sampling rounds. In some cases, a

twenty-fold increase in total recoverable lead was measured between

sampling rounds with no attendant pH, dissolved lead, or other chemical

differences. This type of variation indicates that the variation is a

result of sampling or well differences rather than a change in water

quality'. For example, if fine sediments were disturbed during the

sampling process, more colloidal material might be present in the sample.

The variation and lack of consistency between sampling dates for

total recoverable lead and the balance between total lead, total recov

erable lead and dissolved lead, indicates that the measured values of

total recoverable lead can only have limited interpretative value. Where

total recoverable lead 'has been observed to be greater than the MCL for

lead, there is a possibility that the colloidal sediments carrying the

lead (detected as recoverable lead) could represent an exposure pathway.

Therefore, the existence of total recoverable lead above MCL should be

evaluated in the same light as a dissolved lead level greater than MCL.

Total recoverable lead levels above MCL have been observed in wells

PP-ll, W-2D, W-7D, W-8D, W-llO, W-l2I, P-02, P-04, PP-06, W-7S, W-llS,

W-15S, and W-16S (Figures 4.5-14 to 4.5-16). The presence of total reco

verable lead at these locations may indicate that lead has precipitated

onto sediments as a result of a wider dissolved lead plume in the past;

that the soil matrix has been complexing with dissolved lead as ground

water moves away from Ea s t; Doane Lake in a northerly, westerly, and

southerly direction (ac~ing as a lead buffer): or that lead has migrated
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in some other fashion, such as on colloidal particulates. The latter

mechanism would appear to be the least likely, given the general fine

grained sediments of the area (refer to Section 4.5.5.3). The existence

of high total recoverable lead in well PP-ll may indicate that ground

water has migrated preferentially along the utility line underneath NW

Front Street, carrying lead and depositing it at this location.

Dissolved lead concentrations above MCL are presently confined to

ground water around wells W-7D, W-2D, and W-6S in the alluviunl and PP-06

in the fill. These high dissolved lead values also correspond to lower

pHs, and elevated dissolved iron, sulfate, and chromium, in general.

Dissolved arsenic above MCLs (0.05 ppm) has been observed at wells P-2,

W-16S, and PP-06, all in the fill aquifer and at well W-2P in the allu

vial aquifer. Arsenic at W-16S is not associated with high dissolved

sulfate or dissolved lead.

4.5.3.2 Fill Water-Bearing Unit

Several of· the wells and piezometers completed in the fill are

located in ·or very near to the battery casing fragments (P-2, PP-6,

W-7S) or the East Doane Lake remnant (P-3, P-4, W-15S). Samples of water

from three of these wells/piezometers contain sulfate in excess of 100

ppm (P-2, P-3, W-7S), as shown on Table 4.5-5. Ground water from W-16S,

located next to the Liquid Air facility, also has sulfate >100 ppm.

The general outline of the sulfate "pl ume " is shown in Figure

4.5-17. Shown on the figure are the areas of elevated sulfate concen

trations and dissolved lead concentrations greater than or equal to 0.02

ppm. The concentration contours are based on the observed values for

sulfate and lead which are above background.

The relationship of low pH and high sulfate indicates that the

sulfuric acid from East Doane Lake may have migrated to the west. The

lower pH, in turn, has increased the amount of lead in solution by

increasing the solubility limit .

The area of higher sulfate correlates with lower pH values and ele

vated metal concentrations. Well PP-6 shows the only dissolved lead
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values above the maximum allowable for drinking water (Table 4.5-5).

Wells W-16S, P-2, and PP-6 show levels of dissolved arsenic above

drinking water standards: Levels of zinc are significantly elevated as

compared to surrounding wells at well P-2. Applicable Federal Standards

(MCLs) for metals are presented in Table 4.5-8.

TABLE 4.5-8

FEDERAL STANDARDS FOR METALS

•

Parameter

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Maximum Level
(Drinking Water)

(mg/l)

0.05
1.0
0.01
0.05
0.05
0.002
0.01
0.05

Maximum Level
(EPA EP Toxicity Protocol)

(mq/l)

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

••

4.5.3.3 Upper Alluvial Water-Bearinq Unit

Results of qround-water sample ani'\lyses from the upper alluvial

water-bearing unit are, presE-~ed in Tables 4.5-5 and 4.5-6. Table 4.5-5

swnmarizes results for metals, pH, sulfate and TOC for each of the

hydrostratigraphic units discussed in this subsection. Table 4.5-6 also

presents average, standard deviation, minimum and maximum values for the

aforementioned analytes.

None of the wells completed in the upper alluvial water-bearing

unit are located below or very near to the battery casing fragments.

However, W-3D, W-4D and W-1SI are located immediately adjacent to the

East Doane Lake remnant. Samples of water from W-3D, W-4D, and W-15I

contain high sulfate concentrations. Sulfate in W-3D remained fairly

constant (3,400 ppm, 4,900 ppm, and 3,300 ppm during rounds 1,2, and 3,

respectively). W-1SI increased from 15,000 ppm during round· 1 to 22,000

ppm during .round 2, and chen decreased to 8,800 ppm during round 3.
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However, water from W-4D, located between w-3D and w-15I (Figure 4.5-1)

has lower sulfate concentrations. Sulfate concentrations in W-4D

declined from a high of 96 ppm during round 1 to 1 ppm during rounds 2

and 3 (Table 4.5-5).

Wells W-10D and W-12I, and piezometer PP-8 also have sulfate values

which appear to be elevated above background. In this case, the ele

vated sulfate concentrations in wells W-3D, W-10D, W-12I, W-15I and PP-8

also appear to represent a sulfate "plume" that may have originated from

disposal of ba~tery acid and casing fragments. As discussed previously,

this sulfate ·plume" may transport lead and other soluble metals until

the pH is buffered or lead is complexed by the natural buffering capa

city of the soils in the fill and alluvium. Wells W-3D, W-4D, W-6S,

W-10D, W-llI and W-9D have shown lead above 0.02 ppm, and only W-3D and

W-lOD have shown lead above this during two sampling rounds (Table

4.5-5). The theoretical solubility of lead at these wells is greater

than 0.02 ppm (refer to Section 4.5.5.2), thus it appears that soluble

lead migration may indeed be inhibited as the sulfate "plume" migrates

away from the' source. This indication of inhibition supports a theory

that past releases of acidic water from the site were not large enough

to exhaust the exchange capaci~y of the soil.

A similar trend is observed in this water-bearing unit as compared

with the fill. Both show elevated dissolved metals, including zinc,

arsenic, iron and chromium, and sulfate levels in association with lower

pH vaLues . As has been indicated previously, high sulfate is not

necessarily associated with high dissolved metals and low pH, however,

the associati9n of elevated levels of dissolved metals and sulfate with

low pH is stronger in the alluvium as a whole as compared with the fill.

This indicates that the distribution of these contaminants has been less

dispersed or diluted by ground-water movement.

The sulfate "plume" with associated low pH has migrated west as

shown in Figure 4.5-18. Increased dissollled metal concentrations appear

to be the result of the lower pH which increases the solubility of

metals, thus carrying high levels of these species as the "plume"

migrates. Figure 4.5-18 shows the general region of high sulfate, high
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dissolved metals and low pH for the upper alluvium. The concentration

contours are based on the maximum observed values for sulfate and lead.

Well W-III also shows chromium levels above drinking water stan

dards on one sampling date, however, other samples show levels below

detection limit.

4.5.3.4 Lower Alluvial Water-Bearing Unit

Results of ground-water sample analyses from the lower alluvial

water-bearing unit are presented in Tables 4.5-5 and 4.5-6. Table 4.5-5

summarizes results for metals, pH, sulfate and TOe for each of the

hydrostratigraphic units discussed in this subsection. Table 4.5-6 pre

sents average, standard deviation, minimum and maximum values for the

aforementioned analytes.

Two of the wells completed in the lower alluvial water-bearing unit

are located below or very near to the battery casing fragments (W-2D,

and W-7D). In addition, W-15D is located immediately adjacent to the

East Doane Lake remnant. Samples of water from W-2D contain high

sulfate concentration. Sulfate in W-2D remained fairly constant (14,000

ppm during rounds 1 and 2, and 17,000 ppm during round 3). Sulfate con

centrations from W-1SD decreased from 1,500 ppm during round 1 to 340

ppm during round 2 to 180 ppm during round 3.

Well W-IID also has sulfate values which appear to be elevated

above background, at a relatively constant concentration of 180 ppm to

200 ppm. The elevated sulfate in wells W-2D, W~7D, w-i.ic. and W-1SD

also appears to indicate a sulfate "plume" that may have originated from

disposal of battery acid and casing fragments. This sulfate "plume" may

transport lead and other soluble metals. Average dissolved lead con

centrations have been observed to be greater than 0.02 ppm only in well

W-2D. In addition, ~ell W-2D has shown lead concentrations above 0.05

ppm (Table 4.5-5). ":'~us, it appears that elevated concentrations of

lead currently reach :~e lower alluvial water-bearing zone only in the

area immediately below :~e battery casing fragments. This finding lends

additional support tc ::1e hypothesis that no substantial releases of

lead above 0.05 ppm ~as ~aKen place.

4-84

scoEPA00004244



•
Well RPW-4 also has an apparently elevated sulfate concentration.

Because it is "upgradient" of the other wells with high sulfate, it

could be argued that sulfate from off site is a contributing factor to

onsite contaminant migration. However, the two wells immediately down

gradient from RPW-4 (W-lD and W-6D) have low sulfate values.

Figure 4.5-19 shows the estimated contaminant "plume" as it exists

in the lower alluvium. The concentration contours are based on the

maximum observed concentration for sulfate and lead. Wells W-2D and

W-7D are the only wells that show dissolved lead above drinking water

standards.

4.5.3.5 Basalt Water-Bearing Unit

average, standard deviation, minimum and maxi~um values for the afore

mentioned analytes.

Results of ground-water sample analyses from the basalt water-bear

ing unit are presented in Tables 4.5-5 and 4.5-6. Table 4.5-5 summa

rizes results for metals, pH, sulfate and TOe for each of the hydrostra-

•
tigraphic units discussed in this subsection. Table 4.5-5 presents

Analyses of water from the basalt indicate that sulfate, pH, and

metals are generally within the ranges reported for the basalt aquifer

in the area (Hart and Newcomb, 1965). The one apparent exception to this

situation appears to be a reported concentration of 0.046 ppm zinc in

well W-IlB during round 3. Dissolved lead concentrations in the basalt

aquifer are less than 0.01 ppm.

4.5.3.6 Summary

The potential for dissolved lead values to occ~: at concentrations

above the drinking water standard of 0.05 ppm exists in the fill, upper

alluvial and lower alluvial water-bearing units in the region below the

Gould site where battery casings and sulfuric acid have been deposited.

In general, values above 0.05 ppm are also associated with other ele

vated dissolved metalS, primarily zinc, arsenic, chromium, iron, and•• elevated sulfate and lower pH. Low pH and sulfate concentrations

greater than 50 ppm serve as indicators of potentially elevated dis-
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solved metal concentrations, including lead. The identified extent of

the sulfate "plume" indicates that it has migrated as far as well W-10D

in the upper alluvium. The maximum dissolved lead concentrations dimi

nish moving away from East Doane Lake and wells W-2 and W-7, indicating

that dissolved lead migration is being retarded. Dissolved lead values

above drinking water standards exist only in wells W-7D and W-2D in the

lower alluvium, and in well PP-6 in the fill. These locations are

directly beneath the battery casing piles. Wells W-2D and W-7D also

show pH values below 6.0. The distribution of total recoverable lead

may indicate that dissolved lead is, or at one time in the past was,

accumulating in the soils.

The sulfate and lead migration distribution patterns indicate a

source near the battery casing piles and East Doane Lake with a sub

sequent migration downgradient towards West Doane Lake and to the

northeast, with the maximum migration occurring in the upper alluvium.

The distribution patterns indicate considerable exchange capacity in the

soil, thus leading to confidence in the hypothesis that no large-scale

releases of dissolved lead in .ground water·occurred in the past: How

ever, some lead may have been transported along the utility lines as far

as wells PP-ll and W-10, indicated by the presence of total recoverable

lead above O. as ppm in well PP-ll and elevated sulfate and dissolved

lead above 0.02 ppm in well W-10D. /\

4.5.4 Surface Water Contaminant Delineation

4.5.4.1 Willamette River

The Oregon DEQ has conducted sampling for toxicants in sediment and

water in the Willamette River adjacent to the Gould site (RM 6.8 to 7.1l

from 1980 through 1982. Numerous metals, including lead, have been

reported in these samples (Oregon DEQ, 1982l. Lead concentrations in

the water column during the 1982 survey ranged from 1.8 parts per

billion (ppb l at the Burlington Northern Railroad bridge (RM 7. al to

14.4 ppb at a storm drain near the Doane Lake area (RM 7.1l. Lead was

not detected in two other water samples taken at the railroad bridge

(detection limit for lead in the 1982 survey was 1.0 ppbl. More recent
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sampling was conducted near the site between the Pennwalt dock and the

Wacker outfall (Oregon DEQ, 1985). Dissolved lead concentrations in

these samples, collected 200 feet offshore at depths between 2 and 15

meters, were all below the 1985 survey detection limit of 0.01 parts per

million.

Lead concentrations in sediments were analyzed at two locations in

1982. Concentrations measured 2,800 ppb at a station on the east bank

of the river downstream of the Burlington Northern bridge (RM 6.8) and

3,200 ppb at a river station near the Doane Lake area (RM 7.1).

Sediment chemistry analyses performed by the USGS in 1974 measured much

higher sediment lead concentrations at Willamette River sites between RM

6.0 and 8.5 (Rickert et al. 1977). Lead concentrations averaged 35 ppm

in these samples and ranged from 25 to 40 ppm. These concentrations were

for the fine-grained sediment fraction only (less than 20 micrometers in

diameter). Concentrations from sediment samples containing all retained

materials less than 2 millimeters in diameter averaged 18.6 ppm lead and

ranged from 5 to 35 ppm.

Contaminants may be transported by the Willamette as dissolved com

pounds in suspension, or within the bed load of the river. Since dis

solved metals tend to associate with particulate material, their

transport is closely related to the type and quantity of loading carried

by the river. This loading varies depending on the discharge and stage

of the river. The upstream reach of the river is, in general, the ero

sional reach. During low-flow conditions, average velocity in this

reach is more that seven times that of the two downstream reaches.

During high-f low conditions, large quanti ties of bed load are trans

ported in this· reach. Newberg Pool is a lower, depositional reach.

Fine bottom sediments tend to accumulate in this reach. The tidal reach

is extensively dredged in its lower 14 miles to aid navigation and

includes the primary depositional area of the Willamette River system.

Surface water from the Gould site is discharged into the river from

the East Doane Lake remnant through a storm sewer outfall during high

water conditions. As part of the remedial investigation, surface water

samples were taken in the river both upstream and downstream of the east
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Doane Lake outfall. Chemical analysis indicates that dissolved lead

concentrations upstream and downstream of the outfall are within both

EPA National Drinking Water Standards and DEQ Willamette Basin Water

Quality Standards.

4.5.4.2 East and West Doane Lake Remnants

During operations at the Gould site, waste products including

sulfuric acid, lead and zinc dross, and battery casings were disposed of

both on site and on surrounding properties. Sulfuric acid was discharged

directly into the East Doane Lake remnant: battery casings and dross

were used as fill along the edge of the east remnant.

Due to the topography of the site and surrounding area, surface

water runoff transports contaminants on the ground surface or leaches

contaminants out from the battery casing pile into the East Doane Lake

remnant. Contaminant transport into the west remnant is also by surface

water runoff from the western portion of adjacent properties. Overflow

from the east remnant flows directly into the Willamette River through.
an overflow discharge pipe. As stated above, no known surface discharge

exists from the west remnant. Lead also appears to be deposited within

the sediments of both East and West Doane Lake remnants.

East remnant water is characterized by relatively high concentra

tions of dissolved lead (Round 1: 0.28 mg/l dissolved lead: Round 2:

0.13 mg/l total lead at bottom, 0.15 mg/l total lead at top) (Table

4.5-9) • Surface-water data collected by Oregon DEQ during recycling

operations in 1979 and 1981 indicate lead contamination. Data collected

by Dames & Moore also indicate lead contamination (Oregon DEQ 1982).

The surface-water samples from the west remnant generally contain low

concentrations of lead. Surface water sampling locations are shown on

Figure 4.5-20.
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4.5.5 Contaminant Transport

4.5.5.1 Contaminant Sources

The primary contaminant source materials appear to contribute lead,

zinc, possibly arsenic, chromium, and other materials to the ground

water. Available data suggest that lead, zinc, arsenic and chromium are

the contaminants of concern that have migrated in ground water. The

mobility of lead, arsenic, and zinc are similar under conditions found

at the site, although zinc may persist in ground water more than lead.

Chromium mobility is enhanced by the increased solubility of the hexava

lent species.

Two types of lead sources exist at the Gould site. The major

source includes debris remaining from earlier lead recovery operations,

including battery casings and parts and the smelter matte. Another

source which may be significant is the lead incorporated in the subsur

face near the industrial sources. This lead, sorbed on soil mineral

phases or precipitated as oxides, hydroxides, or ~ulfate, may act as a

source for lead in ground water after the primary (industrial) sources

have been removed or stabilized. These secondary sources may arise in

two ways; the sorption of dissolved lead onto clays and iron oxides in

the soil, and as a chemical precipitate that forms where significant

changes in ground-wateF chemistry are encountered.

The most important chemical change encountered in the ground-water

system on (and near) the site is pH change. At the primary sources, the

pH is generally quite low (pH <5) because of the sulfuric acid from the

scrapped batteries. The pH gradually increases away from the sources

because of the buffering effect of reactions with natural soil minerals.

The by-product debris from the air products operation nearby is a source

of very high pH ~ater. As pH increases, the solubility of lead in water

decreases, accompanied by the precipitation of lead oxides and hydroxi

des. At very high pH (~H >11), lead increases in solubility as stable

hydroxy-complexes form (Schock and Gardels 1983). High pH values exist

at the Liquid Air site as a result of alka~ine ~astes; however, associ

ated elevated dissolved ~ead is not present.
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4.5.5.2 Lead Solubility On Site

The amount of lead that can be dissolved in ground water is a func

tion of temperature, pH, other dissolved species present, amount of

available lead and contact time. Assuming temperatures to be constant,

all these factors are significant with regard to lead solubility in

ground water in the study area.

Theoretical maximum levels of dissolved lead, in thermodynamic

equilibrium with an unlimiting source, can be estimated from studies done

by the EPA (Davies and Everhard 1973) on lead equilibrium in -hard

water (Figure 4.5-21). These estimates are a function of pH only, as

time and lead were not limitL.g, and other interference such as cation

exchange and adsorption were not present in the study.

Typically, the dissolved lead concentration observed in the ground

water on site were much less than the theoretical maximums. The relation

ship of pH to the ratio of observed dissolved lead (for samples with

dissolved lead above detection limits) to theoretical maximum dissolved

lead is shown on Figure 4.5-22. The graph shows a general trend that

indicates a low observed solubility ratio when theoretical solubility is

high (at high and low pHs), and a high ratio (tending towards 1.0) when

the theoretical solubility is low (around neutral pHs).

The solUbility relationship may be a function of limited lead avail

able for dissolution. This contention is supported by the observation

that if the water samples from wells W-2D and W-7D, which exhibit low pHs

in an environment of more readily available lead (beneath the battery

casing piles) are treated separately, the general relationship already

described becomes clearer and a separate, distinct solUbility relation

ship exists in these wells where lead is more available (i.e., as pH

decreases, lead solubility increases).

Figure 4.5-22 provides a means to estimate expected solubilities on

site given the field conditions encountered, as a function of pH and

theoretical maximum dissolved lead •

The reasons for the observed condition are probably complex. At

high pHs, observed in the vicinity of wells W-l5 and W-l6, the impact of
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alkaline material from Schnitzer Liquid/Air, although increasing pH and

sUbsequent solubility potential, may also provide an environment of

increased exchange capacity and subsequent decrease in dissolved lead.

Lead may also exist in more or less soluable forms (depending on pH and

other dissolved species) with respect to location, waste type and chemi

cal environment. High Toe may also provide a matrix that can complex

with and remove dissolved lead.

The subsurface chemistry and physical conditions are sufficiently

varied on site to create a situation where lead solubility potential can

also be highly variable. However, given the observed solubilities, pH

appears to be a fairly good indicator of the potential fraction of

theoretical values that may become dissolved, especially if the con

ditions at wells W-7D and W-2D are regarded as a separate case. Some

previous studies have indicated that lead (as well as other metals)

migration in aquifers of a similar or higher permeability than encoun

tered here, is highly dependent on pH (Haji-DjaFari et al. 1981).

Figure 4.5-22 indicates that at approximately pH 6.0, the condition

at wells W-7D and W-2D becomes similar to the general site condition

with respect to lead solubility. Since acids are no longer being dumped

into East Doane Lake, we would expect that pHs would increase from

inflow of more neutral ground water at W-7D and w-2D until pH levels at

that site are similar to pH levels recorded upgradient or in the fill.

Therefore, it is assumed that present conditions represent the worst

case with respect to future possible dissolved lead transport.

4.5.5.3 Particulate Transport

In addition to transport of lead and other contaminants in a

dissolved state, it is possible that contaminants can be transported in

an adsorbed or complexed state, along with transport of fine colloidal

sediments in ground water. Chemicals strongly adsorbed to colloidal

surface may move '",ith the carrier material to deeper layers of the

unsaturated zone during subsurface flow events or laterally in the

course of horizontal ground-water flow. The characteristics of the sub

surface flow and the characteristics of the porous media both influence
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the potential for such movement. If the porosity of the media is such

that a sufficient number of pores are larger than the particle being

transported, the pores are sufficiently interconnected and flow veloc

ities are high enough, colloidal soil particles can be transported

significant distances.

Results of previous studies concerned with this transport mechanism

by Vinten et al. (1983) have shown that in course sands, up to 50 percent

of some contaminants have been transported a distance of 5 em or more by

particulte transport. In sandy loams, they found up to 20 percent

transport greater than 5 em and in silt loams, less than 5 percent of

the contaminants studied were transported greater than 5 em via par

ticulate transport.

The result of the above study indicates that particulate transport

of sorbed contaminants ~y be an important mechanism for short distance

contaminant transpoL"t in soils with permeabilities similar to those

found in sands and 'coarse sands. The soils in the study area exhibit

generally low permeabilities except in isolated, non-continuous pockets

in the fill that exhibit permeabilities on the order of a coarse sand.

Thus, particulate transport of lead or other contaminants on site may be

important in localized areas; however, in general, it is not considered

as an important potential contaminant transport mechanism on site.

4.5.5.4 Retardation

The factors that can cause lead and other contaminants to move more

slowly than ground water include precipitation and sorption. The pH of

ground water is the primary variable that affects the solubility of

metals, although oxidation potential, salinity and presence of various

anions and complexing agents may be significant. The specific solid lead

compounds that determine the stability are determined by ground-water

conditions. Oxides, hydroxides, sulfates, and mixed species are expected

to be important at various areas in the subsurface of the site.

These solubilities are theoretical, and generally represent upper

limits for dissolved lead. Kinetic effects and sorption will tend to
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Some previous studies have indicated that lead has a high attenuation

potential related to chemical processes within in-situ aquifer materials.

This high attenuation often overshadows physical transport mechanisms,

resulting in low advancement of lead within the aquifer (Haji-DjaFari et

al. 1981).

4.5.5.5 Contaminant Transport Velocity

(time)
(mg/1)
(mg/1)•

The average linear velocity of a contaminant plume within the fill

water-bearing unit is defined here by the following relationship:

Vc • D/(ts - tcl
where:

Vc • average linear plume velocity (length)
o • distance from source to the observation point (length)
t s • time contaminant source began (time)
t c • time of arrival at the observation point

of CICo ::= 0.5
C • concentration observed
Co • steady state concentration

The range of plume velocities are estimated from the sulfate (S04)

concentrations in the ground water at wells W-7S and W-11S. Both wells

appeared to have reached steady state concentrations of 300 to 310 and

30 to 36 milligrams per liter (mg/l> respectively, as measured during

this investigation. Sulfate is selected because it is the most mobile

of the contaminants investigated.

mobile contaminants would be lower.

Plume velocities for other less

••

Sensitivity calculations were performed to assess the uncertainty

of the input parameters. The uncertainties are:

1. Exact time of arrival of the CICo ::= 0.5 concentration at the

observation ~oi~t; and

2. Travel time wit~in the vadose zone.

The time of arr ; ":a ~ of the cleo ::= 0.5 concentration is sometime

between 1949 when disposal of battery wastes began and 1981 when dis

posal of waste was sus~e~ded. Within this 32-year period, the sulfate
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from the source arrived at wells W-7S and W-llS. Thus, for the purpose

of estimating the approximate order of magnitude of the contaminant

transport velocity, an arrival time range of 1 to 30 years is assumed.

Based on this assumption and the distance between wells W-7S and

W-llS, the estimated range of plume velocity for sulfate is 0.07 to 2.2

feet per day. This estimate is assumed to be worst-case in that retar

dation mechanisms of the contaminants are ignored.

4.5.5.6 Prediction of Lead Migration

Ground-water transport is one mechanism by which dissolved lead

could migrate off site. The critical factors in estimating lead migra

tion rates are lead concentrations in the ground water, the rate at which

ground water moves, adsorption, precipitation, and dilution. Each of

these factors can be expressed with varying degrees of sophistication and

accuracy.

The rate of lead migration off .site is estimated from the following

relationship:

Ql .. (C) (V)

when Ql" lead migration rate

C .. dissolved lead concentrations

V .. ground-water flow rate

:he observed lead concentration in ground water of the fill is 0.01

to 0.02 ppm at the boundaries of the site. Theof£-site lateral ground

water flow rate from the fill is estimated in Section 4.4.3.6 to be

229,000 ft3/yr. This yields a potential dissolved lead migration rate of

0.15 lb/yr to 0.30 lb/yr.

The observed lead concentration in the ground water of the upper and

lower alluvium is 0.01 to 0.02 ppm at the boundaries of the site. The

off-site lateral ground-water flow rate from the alluvial water-bearing

units is estimated in Section 4.4.3.6 to be 226,000 ft 3/yr. This also

yields a potential dissolved lead migration rate of 0.15 lb/yr to 0.30

lb/yr.
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The total lateral dissolved lead migration rate is therefore esti

mated at approximately 0.3 Ib/yr to 0.6 lb/yr. This estimate is conser

vative because retardation effects of adsorption and precipitation, which

would reduce the miS-~tion rate, are ignored. Evidence of past ground

water migration off site at significantly lower pH values is not clear.

Given the ion exchange capacity of the soil, and the total recoverable

lead levels measured, it seems likely that lead has been adsorbed or

complexed on site, rather than transported in the dissolved phase off

site. If present conditions are indicative of past levels of dissolved

lead concentrations, a total of approximately 10 to 20 pounds of lead may

have migrated off site over the past 32 years (1949 to 1981).

The observed lead concentration in the basalt is less than or equal

to 0.01 ppm. The ground-water flow rate from the alluvium into the

basalt is estimated in Section 4.4.3.6 to be 5 x 10 6 ft 3/yr. This yields

a potential dissolved lead migration of 3 lb/yr. This estimate probably

overstates the actual migration rate because of the upward gradient

observed between the basalt and the alluvial aquifers downgradient of

well W-6.

An additional mechanism of dissolved lead transport is via surface

water discharge out of East Doane Lake. The lead concentrations are pro

bably insufficient to cause detectable water quality changes in the

Willamette River.

The sulfate and lead plume maps indicate that lead has possibly

migrated at least as far as well PP-ll and W-IOD in the past <reflected

in elevated total recoverable lead or elevated sulfate and dissolved. lead

above 0.02 ppm). This is approximately 1,000 feet from an assumed source

near well W-2. The ground-water and contaminant velocity estimates both

indicate that this distance is well within expected upper limits of

possible transport distances over the 32-year period. Since dissolved

lead levels at these locations are low, either the lead migration has

been retarded and lead has been removed from solution, or a more con

centrated plume of lead (with associated low pH) that once existed has

been attenuated by any number of mechanisms <dilution, adsorption, preci

pi tation, oxidation, or complexation). It appears that present con-
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ditions will not become worse, with respect to dissolved metal

concentrations, because contaminant deposition has ceased. However, if

acids were reintroduced to the ground water, possible remobilization of

lead could occur.

Exposure risks from ground-water contamination on site seems to be

confined to lead, arsenic, and chromium. These contaminants exist pri

marily in the region around East Doane Lake, extending downgradient to

well PP-ll. The possibility of migration of these contaminants off site

is considered to be present primarily in the dissolved state. Current

levels of dissolved lead, arsenic, and chromium at the most downgradient

wells (W-ll, W-lO, and PP-ll) indicate that no concentration above MeLs

exists. The maximum dissolved lead concentration observed at these wells

was 0.03 ppm and the average less than 0.02 ppm. The maximum dissolved

levels of arsenic and chromium at these wells was less than detection

limits (.005 ppm) •
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5.0 AIR INVESTIGATION

5.1 INTRODUCTION AND BACKGROUND

As part of the Remedial Investigation/Feasibility Study Work Plan

for the property currently owned by Gould, Inc., an air monitoring

investigation for airborne lead was conducted at the site. Operations

at the site, a former battery recycling facility and secondary lead

smelter, ceased in August 1981. However, the suspected presence of lead

in shredded battery casing piles on the site and in contaminated surface

soils around the site mandated that the airborne particulate pathway be

examined.

Air quality monitoring conducted by the Oregon Department of

Environmental Quality (DEQ) from June through Septemoer 1981 at loca

tions around (but not on) the Gould property indicated occasional air

borne lead levels in excess of both the Federal National Ambient Air

Quality Standards and the Oregon State Ambient Air Quality Standard for

Lead (see Table 5.1-1>. Monitoring by EPA Region X and Dames & Moore

on "Gould property during 1982 also showed high airborne lead levels (see

Table 5.1-2). The highest concentrations measured by EPA were within a

few feet of the piles of battery casings. Both the Federal and Oregon

state standard for lead are 1.5 micrograms per cubic meter of air

(ug/m3 ) expressed as an arithmetic mean over a calendar quarter (3

months) .

This section documents the resumption of air monitoring at the site

in conjunction with the other environmental investigations mandated by

EPA IS Administrative Order on Consent executed August 29, 1985. Air

quality data are evaluated to determine whether off-site migration of

contaminants is presently occurring via the airborne particulate path

way.

The air quality investigation report is divided into several major

sections. Section 5.2 describes monitoring location selection, monitor

ing methodology and equi?ment, and operation of the monitoring system.
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SUMMARY OF AIRBORNE LEAD CONCENTRATIONS
MONITORED BY DEQ

Site (values in ug/m3 )
Date (1981) NWU NW*2 NW*3

June 15 0.49 3.6 3.1
21 0.29 1.43 0.51
27 0.66 0.51 0.77

July 3 0.79 0.30 0.51
9 1. 37 9.4 2.54
15 13 .2 1.58 3.4
21 1. 50 1.15 5.7
27 15.5 1.22 2.54

August 2 2.28 0.58 1.02
8 15.3 1.94 1. 79
14 1.26 0.80 2.34
20 0.75 1.93 0.87• 26 2.89 0.85

September 1 0.87 0.44
3 3.5
7 0.55 1. 32 0.48
13 0.98 0.36 0.56
19 2.09 0.39 0.28
25 0.37 3.2 0.37

JUly to September
Quarterly Average 4.2 1.9 1.6

Source: Oregon DEQ 1981

••
5-2

scoEPA00004259



•

•

TABLE 5.1-2

SUMMARY OF AIRBORNE LEAD CONCENTRATIONS
MONITORED BY DAMES & MOORE AND EPA REGION X

Site (values in ug/m3)
Date (1982) D&M#l D&M#2 D&M#3 EPA· ". EPAi2 EPAi3

August 20 0.26 0.38 0.28
21 0.26 0.39 1.06
22 0.38 0.40 1.60
23 0.39 0.41 0.47 4.4 11. 7 150.0

Source: U.S. EPA 1982

It also describes training requirements for the site operator, data pro

cessing and reporting, and meteorological data collection. Section 5.3

describes the results of the investigation. Section 5.4 describes the

potential risks associated with sources of airborne lead in the study

area. Section 5.5 discusses the potential for migration of lead through

the airborne pathway. Details of the air monitoring and sampling pro

gram, including monitor siting, equipment specifications and operating

procedures, are presented in Appendices A and B.

5.2 SAMPLING PROGRAM

The ambient air monitoring program described in this section

employed air sampling equipment and operating procedures with a proven

collected from instruments having an EPA designation as a Reference

Method. The samplers were operated and calibrated following the guide

lines of EPA's Ambient Monitoring Guidelines for Prevention of Signifi-

functions were performed following Title 40 of the Code of Federal

Regulations, Part 58, Appendix B, Quality Assurance Requirements for PSD

Air Monitoring. A detailed description of the sampling methods are pre

sented in Appendix A, Section Al.7 and Appendix B, Section B3.0.
•e

record of high quality, accuracy and reliability.

cant Deterioration (PSDl, dated November 1980.

All data were

Quality assurance

5-3
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Figure 5.2-1 shows the locations of the air monitoring instruments,

samplers 5-1, 5-1A, 5-2 and S-3. The primary objective in choosing

these locations was to maintain consistency with the earlier air moni

toring studies conducted by DEQ. Samplers 5-1, 5-1A, and S-3 are at the

same locations used in previous air monitoring events at the property.

Sampler S-2 has been relocated north-northeast of the original moni

toring site to improve the likelihood of discriminating between the

onsite and background components of lead concentrations. Sarr.plers S-2

and 5-3 are located nearest the battery casing piles, which would

increase their expected airborne lead concentrations. Sampler S-3 is

also aligned with the battery casing piles along a main wind flow direc

tion vector (northwest to southeast).

The air monitoring program was required to sample not only on the

EPA national six-day monitoring schedule, but also anytime there were

dust-producing remedial investigation activities on site. As a result

of t.;.lS requirement, there are more air monitoring data available than

would normally have been obtained. To calculate monthly and quarterly
. .

averages in an unbiased manner, a six-day cellular averaging method was

used. (See Appendix A, Section Al.7 for details of the method.)

Samplers 5-1 and S-lA were collocated at the same site to allow develop

ment of quality control statistics.

The onsite system operator, Mr. Gene Moore of Gould Inc., normally

inspected the high volume (HIVOL) monitors at least once every 6 days in

accordance with the EPA national schedule for high volume monitoring.

In addition, any time that activities involving drilling, soil sampling

or digging of test pits occurred on site, the moni toring system was

operated. Therefore, the monitors were inspected more frequently than

once every 6 days.

5ince Mr. Moore's office is located on site, he was generally

available during normal business hours throughout the period when air

investigations were conducted. His responsibilities as system operator

included the following:

5-4
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o

o

o

o

Changing filter media after each sampling event,

Performing site checks and maintaining site logs,

Maintaining and troubleshooting equipment, and

Performing routine calibration of RIVOL monitoring equipment

after equipment repair.

Project technical assistance was provided by Dames & Moore. The

technical assistance personnel were not involved in the day-to-day

operational activities of the monitoring project, but provided assis

tance as requested by the onsite system operator. Since the technical

assistance personnel were not involved in daily project activities,

these personnel were able to conduct the required system and performance

audits. These personnel were used for the following activities:

•
o

o

o

o

o

o

Installing monitoring site and equipment,

Training onsite system operators,

Preparing summary data reports,

Changing chart paper on the MRI mechanical weather station,

Conducting system and performance audits, and

Assisting in repairing equipment (as necessary).

••

The onsite system operator was instructed in proper RIVOL monitor

operations, upkeep, filter handling procedures, recordkeeping and repairs

by a qualified Dames & Moore instrument technician at the time of

sampler installation in April 1986. A Dames & Moore technician, Mr.

John Cooper, was designated as a contact Eor the onsite system operator

in case of unusual problems or questions.

5.3 INVESTIGATION RESULTS

5.3.1 Concentrations of Airborne Lead

Airborne lead concentrations measured as part of the RI/FS study

conducted by Dames & Moore are shown in Table 5.3-1. The highest daily

value observed during the sampling period was 5.20 ug/m3 at sampler S-3

on August 25, 1986. This coincided with observed site act~vity. Spe

cifically, workers from a firm acquiring the inoperative battery casing

separating machine were steam cleaning and decontaminating the equipment

5-6
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*Site.Activity Code
1 - Soil bearing/well installation
2 - Test pits/battery casing and matte sampling
3 - Well development/ground-water sampling
4 - Surface soil sampling
5 - Surface water/sediment sampling
6 - Water level measurements
7 - Other activities

a Void by EPA standards--Sampler run time was less than 23 hours, but at
least 12 hours.

b Dixon chart was questionable.

c Condition~ included drilling on Rhone Poulenc and ESCO, plus strong winds.

d Sampler run time was less than 12 hours •
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•e

on the Gould property prior to moving the equipment from the Site. On

that day, Dames & Moore personnel observed clouds of airborne particu

late from the cleaning operations move over the operating sampler S-3.

This would account for the high concentrations of airborne lead recorded

on that date. The cleaning operations took place near the battery

casing piles, northwest of sampler S-3 (along a prevailing wind direc

tion) approximately 100 yards away from the sampler.

The highest monthly average airborne lead concentration observed

(as shown in Table 5.3-2) was 0.94 ug/m 3, observed again at sampler S-3

in August, and largely attributable to the August 25, 1986 equipment

cleaning incident. This monthly average is well below the federal and

state ambient air standard for lead of 1.5 ug/m 3 on a quarterly basis.

The average readings from other samplers during August 1986 were simi

larly higher than averages during other months, confirming the expected

trend of higher airborne particulate levels during the dry summer

months. Dry weather along with the remedial investigat~on activities

and equipment cleaning (i.e., more dust-generating activities occurring

around the site) may account for the significantly higher values

observed during this time period.

The highest quarterly average airborne lead concentration of 0.55

ug/m3 (as shown in Table 5.3-2) was observed at sampler 3-3 during the

July to September 1986 quarter. This concentration is just over one

third of the allowable federal and state ambient air quality standards

of 1.5 ug/m3 as a arithmetic quarterly average. This quarter was simi

larly high for all monitors, again confirming the trend for higher air

borne particulate levels during the dry summer months. The second

highest quarterly average, 0.41 ug/m3; was observed at sampler S-2.

Both samplers 5-2 and 5-3 are the closest to the battery casing piles

and could be expected to show the highest lead levels, if the casing

piles are the main sour~e of airborne lead•

5-10
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TABLE 5.3-2

AIRBORNE LEAD CONCENTRATIONS
MONTHLY AND QUARTERLY AVERAGES

Averages (ug/m3)

Date Sampler S-l
(1986)

Sampler S-lA Sampler S-2 Sampler S-3

Monthly Arithmetic Averages

Aprila 0.10 0.10 0.09 0.08

May 0.08 0.07 0.08 0.10

June 0.16 0.12 0.19 0.36

JUly 0.25 0.27 0.33 0.28

August 0.51 0.39 0.54 0.94

• September 0.19 0.17 0.37 0.45

October 0.15 0.14 0.34 0.13

November 0.13 0.09 0.10 0.14

December 0.12 0.12 0.15 0.10

Quarterly Arithmetic Averages

April to 0.11
June

0.10 0.12 0.18

JUly to
September

October to
December

0.32

0.13

0.28

0.12

0.41

0.20

0.56

0.12

••
a April averages include only 3 of the 5 EPA National Schedule weeks •
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5.3.2 Meteorology

Wind-sensing instrumentation was located at site M-l, as shown on

Figure 5.2-1. This monitoring location was established by Rhone-Poulenc

during the early 1970's. The instrument was still in place, although not

operational at the time remedial investigation activities at the NL/Gould

site was being planned. After obtaining permission from Rhone-Poulenc to

use the instrument, it was fully reconditioned, recalibrated and placed

in operation on August 11, 1986. This site provided reliable data for

the remainder of the onsite remedial investigation.

Historical meteorological monitoring data for the Rhone-Poulenc site

could not be located. Therefore, historical meteorological data for a

site at the Standard Oil tank farm (approximately one-quarter mile east

of the Gould site) was obtained for the period from February 5, 1977

through August 29, 1980. This site was operated by DEQ using the same

type of meteorological sensor as that operated at' the Rhone-Poulenc site •

Wind data collected at the Rhone-Poulenc site during the period from

August 11, 1986 through November 30, 1986 is presented in a Wind Fre

quency Distribution Table (Table 5.3-3) and a "wind rose" (Figure 5.3-1).

Comparative data for the Standard Oil site east of the Gould property for

the period from February 5, 1977 to Au~ust 29, 1980 is shown in Tables

5.3-4 to 5.3-6 and in 'Figures 5.3-2 through 5.3-4. The data suggest that

wind patterns during the period from August through November 1986 were

basically similar to the same ~eriods in 1977 and 1979 (insufficient data

for 1978), and very similar to the entire 1977 to 1980 period. This

would indicate that, from a meteorological standpoint, air quality data

collected during 1986 is generally representative of normal weather pat

terns. The data indicate a high percentage of calm periods, from 15 to

20 percent of the time. There is also a pronounced tendency for wind

channelling along the northwest to southeast directions. This is con

sistent with local topography, since there is a ridge to the southwest of

the site paralleling the 7tJillamette River. Winds exceeding 4.0 meters

per second are infrequent, occurring generally less than eight percent of

the time.
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TABLE 5.3-3

WIND FREQUENCY DISTRIBUTION
RHONE-POULENC SITE

AUG, 11. 1888 TO NOV. 30. 1888

OBSERVATIONS PER DAY - 24
OBSERVATIONS PER INPUT FIELD - 1
TIME CORRECTION IN HOURS - .00
WINO SPEED INPUT IN MPS
WINO DIRECTION INPUT IN DEGREES

RHONE-POULENC SITE

NL INDUSTRIES/GOULD RI/FS
WINO FREQUENCY DISTRIBUTION ANALYSIS

DATA PERIOD - AUG 11, 1986 THROUGH NOV 30, 1986
MONTHS CONSIDERED - AUG THROUGH NOV
HOURS CONSIDERED 0 TO 2400
ANEMOMETER HEIGHT - 10 METERS

WINO FREQUENCY DISTRIBUTION
FREQUENCY IN PERCENT
OF TOTAL OBSERVATIONS

• WINO
SECTOR

.46
TO

2.00

WINO
2.01

TO
4.00

SPEED CLASS (MPS>
4.01 8.01

TO TO
8.00 12:00

GREATER
THAN

12.00 TOTAL
MEAN
SPEED

NNE . 41 . 11 .00 .00 .00 .52 1. 63
NE .41 .11 .00 .00 .00 .52 1. 63

ENE 1. 01 .34 .07 .00 .00 1. 42 2.00
E 2. 16 .60 .30 .00 .00 3.06 1. 93

ESE 3.51 2.72 1. 01 .00 .00 7.24 2.34
SE 4. 14 7.12 .82 .00 .00 12.0'3 2.45

SSE 4.66 1. 12 .04 .00 · 00 5.82 1. 49
S 6.34 .67 .04 · 00 · 00 7.05 1. 04

SSW 4.92 .19 · 00 · 00 .00 5. 11 .96
SW 3.32 .41 · 00 · 00 .00 3.73 1. 20

WSW 3.77 .26 · 00 .00 .00 4.03 1. i8
W 4.'36 .67 · 00 .00 .00 5.63 1. 32

WNW 5. 15 4. 14 .26 .00 .00 9.55 2.02
NW 3. 13 3.58 .90 · 00 · 00 7.61 2.51

NNW 2.28 1. 64 1. 08 · 00 .00 5.00 2.66
N 1. 34 1. 12 · 00 .00 · 00 2.46 1. 94

CALM 19.17

NUMBERS BELOW BASED ON ALL OBSERVATIONS
NUMBER OF INVALID OBSERVATIONS = a
NUMBER OF VALID OBSERVATIONS = 2681

•• TOTAL 51. 51 24.80 4.51 · 00 · 00 100. 00 1. 51
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TABLE 5.3-4

WIND FREQUENCY DISTRIBUTION
STANDARD OIL SITE

AUG. 8, 1979 TO NOV. 30.1979

OBSERVATIONS PER DAY - 24
OBSERVATIONS PER INPUT FIELD - 1
TIME CORRECTION IN HOURS - .00
WIND SPEED INPUT IN MPS
WIND DIRECTION INPUT IN DEGREES

STANDARD OIL
OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

WIND FREQUENCY DISTRIBUTION ANALYSIS

6, 1979 THROUGH NOV
AUG THROUGH NOV

o TO 2400
10 METERS

DATA PERIOD - AUG
MONTHS CONSIDERED 
HOURS CONSIDERED
ANEMOMETER HEIGHT -

30, 1979

WIND FREQUENCY DISTRIBUTION
FREQUENCY IN PERCENT
OF TOTAL OBSERVATIONS

• WIND
SECTOR

. 46
TO

2.00

WINO
2.01

TO
4.00

SPEED CLASS (MPS>
4.01 8.01

TO TO
8.00 12.00

GREATER .
THAN

12.00 TOTAL
MEAN
SPEED

NNE 1. 12 . 15 .00 .00 .00 1. 27 1. 07
NE 1. 61 .00 .00 .00 .00 1. 61 .90

ENE 1. 27 .19 .05 .00 .00 1. 51 1. 44
E .93 .44 1. 07 .00 .00 2.43 3.25

ESE 1. 27 1. 22 2.04 .00 .00 4.53 3.69
SE 3.85 4.92 3.65 .00 .00 12.41 3.02

SSE 4.72 3.26 .88 .00 .00 8.86 2.28
S 3.21 .19 .00 .00 .00 3.41 1. 15

SSW 2.09 .19 .00 .00 .00 2.29 1. 09
SW 2.63 .34 .00 .00 .00 2.97 1. 18

WSW 8. 13 .34 .00 .00 .00 3.47 1. 06
W 23.03 2. 53 .00 .00 .00 25.56 1. 38

WNW 5. 16 .88 .00 .00 .00 6.04 1. 48
NW 3.55 2. 39 .10 .00 .00 6.04 1. 94

NNW 1. 56 2.63 .29 .00 .00 4.48 2.55
N .93 1. 07 .00 .00 .00 2.00 2.08

CALM 6. 13•• TOTAL 65.04 20. --i 8.08 .00 .00 100.00 1. 78

NUMBERS BELOW BASED ~N ALL OBSERVATIONS
NUMBER OF INVALID ~8SERVATIONS = 298
NUMBER OF VALID OBSER~ATIQNS = 2054
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TABLE 5.3-5

WIND FREQUENCY DISTRIBUTION
STANDARD Oil SITE

AUG. 1, 1977 TO NOV. 30, 1977

OBSERVATIONS PER DAY - 24
OBSERVATIONS PER INPUT FIELD - 1
TIME CORRECTION IN HOURS - .00
WIND SPEED INPUT IN MPS
WIND DIRECTION INPUT IN DEGREES

STANDARD OIL
OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

WIND FREQUENCY DISTRIBUTION ANALYSIS

DATA PERIOD - AUG 1, 1977 THROUGH NOV 30, 1977
MONTHS CONSIDERED - AUG THROUGH NOV
HOURS CONSIDERED 0 TO 2400
ANEMOMETER HEIGHT - 10 METERS

WIND FREQUENCY DISTRIBUTION
FREQUENCY IN PERCENT
OF TOTAL OBSERVATIONS

WIND SPEED CLASS (MPS)

• .46 2.01 4.01 8.01 GREATER
WIND TO TO TO TO THAN MEAN

SECTOR 2.00 4.00 8.00 12.00 12.00 TOTAL SPEED
-------------------------------------------------------------

NNE .65 .00 .00 .00 .00 .65 1. 03
NE .00 .00 .00 .00 .00 .00 .00

ENE .23 .00 .00 .00 .00 .23 1. 52
E .00 .,46 .32 .00 .00 .79 3.66

ESE .37 .79 .28 .00 .00 1. 43 2.89
SE 1. 80 1. 11 .00 .00 .00 2.91 1. 87

SSE 2.77 .97 .00 .00 .00 3.74 .. 55

S 11.56 .65 .00 .00 .. 00 12.21 i . 24
SSW 6.66 .18 .00 .00 .00 6.84 .88

SW 6.06 . 18 .00 .00 .00 6.24 .88
WSW 9.66 .92 .00 .00 .00 10.59 1. 14

W 7.77 1. 43 .00 .00 .00 9.20 1. 36
WNW 6.33 1. 57 .00 .00 .00 7.91 1. 55

NW 4.58 2.77 .28 .00 .00 7.63 1. 93
NNW 3.84 2.82 1. 02 .00 .00 7.67 2.29

N 3.65 .69 .00 .00 .00 4.35 1. 32

CALM 17.61

NUMBERS BELOW BASED ON ALL OBSERVATIONS
NUMBER OF INVALID OBSERVATIONS = 141
NUMBER OF VALID OBSERVATIONS = 2163

•• TOTAL 65.93 14.56 1. 90 .00 .00 100.00 1. 21
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TABLE 5.3-6

WIND FREQUENCY DISTRIBUTION
STANDARD OIL SITE

FEB. 5. 1977 TO AUG. 29. 1980

OBSERVATIONS PER DAY - 24
OBSERVATIONS PER INPUT FIELD - 1
TIME CORRECTION IN HOURS - .00
WINO SPEED INPUT IN MPS
WIND DIRECTION INPUT IN DEGREES

STANDARD OIL
OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

WIND FREQUENCY DISTRIBUTION ANALYSIS

DATA PERIOD - FEB 5, 1977 THROUGH AUG 29, 1980
MONTHS CONSIDERED - JAN THROUGH DEC
HOURS CONSIDERED 0 TO 2400
ANEMOMETER HEIGHT - 10 METERS

WINO FREQUENCY DISTRIBUTION
FREQUENCY IN PERCENT
OF TOTAL OBSERVATIONS

WIND SPEED CLASS <MPS)
.46 2.01 4.01 8.01 GREATER

WINO TO TO TO TO THAN MEAN

• SECTOR 2.00 4.00 8.00 12.00 12.00 TOTAL SPEED

-------------------------------------------------------------
NNE 1. 22 .15 .00 .00 .00 1. 37 1. 28

NE 1. 24 .07 .00 .00 .00 1. 31 1. 28
ENE .97 .31 .20 .02 .00 1. 50 2. 13

E .71 .58 1. 08 .05 .00 2.41 3.67
ESE 1. 02 2.51 2. 19 .00 .00 5.72 3.63

SE 3.36 4.49 1. 41 .00 .00 9.26 2.65
SSE 4. 15 1. 78 . 17 .00 .00 6. 10 1. 81

S 5.57 .36 .00 .00 .00 5.92 1. 16
SSW 3.44 .42 .00 .00 .00 3.87 1. 11

SW 4.22 1. 37 .08 .00 .00 5.68 1. 49
WSW 8.23 1. 50 .05 .00 .00 9.78 1. 34

W 11.56 2.80 . 15 .00 .00 14.50 1. 56
WNW 4.91 2.61 .27 .00 .00 7.79 1: 88

NW 3. 16 2.53 .36 .00 .00 6.05 2. 15
NNW 1. 94 2.38 .53 .00 .00 4.84 2.45

N 2.28 1. 50 .10 .01 .00 3.88 1. 92

CALM 10.02
-------------------------------------------------------------

NUMBERS BELOW BASED ON ALL OBSERVATIONS
NUMBER OF INVALID OBSERVATIONS = 2498
NUMBER OF VALID OBSER/ATIONS =21670

••
TOTAL 57.98 25.:4 6.56 .0'3 .00 100.00 1. 74
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• 5.3.3 Quality Control Summary

The purpose of the Quality Assurance/Quality Control (QA/QC) pro

gram for the air monitoring program was to ensure that reliable data on

airborne contaminants were obtained from the sampling effort for deci

sion making. Details of the QA/QC methods are presented in Appendix B,

Section B3.0 and include:

o

o

o

o

Flow calibrations for the high volume air samplers,

Flow audits,

System precision calculations, and

Analytical audits including analyses of blanks, spikes, matrix

spikes, and EPA audit samples.

•

••

Results of the QA/QC process indicate that the data obtained for

airborne lead and total suspended particulates (TSP) are valid. Statis

tical analysis of the monitoring network through use of co-located

monitors indic~te that the quarterly precision statistics for TSP were

within the EPA-recommended + 15 percent on a quarterly basis and

"improved as the monitoring program" progressed. Quarterly precision sta

tistics for airborne lead, while expectedly somewhat higher than for

TSP, are still reasonable (there is no EPA-recommended precision level

for airborne lead).

During analysis of the QA/QC data, Dames & Moore compensated for an

oversight that occurred during the sampling program. The oversight was

that an insufficient number of calibrations were performed by the onsite

system operator. Dames & Moore's method of compensating for the over

sight was to substitute system audits (five-point system audits were

performed rather than one-point audits) that were performed by personnel

other than the onsite system operator (Dames & Moore technicians) for

calibrations of the high volume samplers. This provides assurance that

accurate flow measurements were made•

The analytical audit of the data was completed at the end of the

air monitoring program, except for matrix spike/matr"ix spike duplicate

testing normally performed by an outside analytical laboratory during

5-21
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analysis of the sample filters. Re-analysis of 10 percent of the sample

filters (selected over the entire range of data and monitoring period)

showed sample precision within ± 10 percent, indicating that analytical

precision during the project was acceptable. Results of the analysis of

blank filters showed lead concentrations below detection limits.

Results of analysis of filters spiked with ~nown concentrations of lead

showed. acceptable recovery statistics.

In addition, samples were obtained and analyzed by the outside ana

lytical laboratory through the EPA National Audit program, as a check on

the analytical precision of the laboratory itself.

5.4 POTENTIAL RISKS

5.4.1 Sources of Airborne Lead On Site

Material containing lead that has the potential to become airborne

is found in three different sources in the study area. These are: 1)

in the battery casipgs remaining above-ground on Gould property, 2) in

the matte residue' disposed of in the landfill on Gould property, and 3)

in contaminated soils found on the Gould and Rhone-Poulenc properties.

Other lead-containing materials on site (such as subsurface soils and

Doane Lake remnant sediments) are not exposed to the atmosphere under

present conditions, a~d therefore cannot become airborne. During reme

dial activities when contaminated materials are disturbed or excavated,

however, the potential for lead contained in the material to become air

borne is greatly increased. It is not possible to partition contribu

tions to the total airborne lead by the various sources, given their

proximity to each other.

5.4.1.1 Battery Casing Piles

The primary sources of airborne lead on site are the piles of

shredded battery casings. These casings contain large amounts of finely

divided lead and lead oxide not recovered during battery recycling

operations. From analyses performed on the casings, the lead content

ranges from about 3.1 percent to 14.5 percent. For details of the casing

composition, see Section 3.2.4. The mounds of casings are exposed to
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winds, although during the remedial investigations, some of the piles

were covered with tarps to reduce the potential for lead to become air

borne.

5.4.1.2 Matte Disposal Area

A major waste product of the secondary smelting process is "matte".

This slag-like material is very heavy and high in metal content, par

ticularly iron. Lead concentrations observed in the samples taken

varied from 6 percent to over 11 percent. For more details on matte com

position, see Section 3.2.4. The matte was primarily disposed below

grade on the Gould property, next to and under the battery -casings.

Therefore the potential for generation of airborne lead particles is

significantly less than for battery casings, since very little matte

surface area is exposed to airflow relative to the amount of material

disposed.

5.4.1.3 Contaminated Soils

As discussed above, only soils exposed to the atmosphere (surface

soils) presently contribute to airborne lead concentrations. The amount

of surface soils significantly contaminated with lead is very limited on

the Gould property since most of the site is presently covered with

asphalt, concrete, battery casings, or the East Doane Lake remnant.

Surface soil lead concentrations of up to 2 percent were observed on the

Gould property during sampling by Dames s Moore. Additional contami

nated surface soils were observed, however, on the Rhone-Poulenc prop

erty west of the Gould property. For more details on surface soil lead

concentrations and distribution of contaminated soils, see Section

4.2.4.3.

5.5 POTENTIAL ATMOSPHERIC CONTAMINANT MIGRATION

The shutdown of the secondary lead smelter in 1972 ended the sources

of lead emissions resulting from thermal processes (L, e., lead fume

resulting from the handling of molten lead). Airborne lead from sources

on site now results from atmospheric dust arising from the mechanical

disturbance of remaining lead-contaminated site materials exposed to the
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air. Dust generated from these open sources is termed "fugitive"

because it is not discharged to the atmosphere in a confined airflow

stream such as a stack. Common sources of fugitive dust include unpaved

roads, agricultural tilling, granular materials storage and handling,

and heavy construction activities. For this site, the primary activi

ties leading to emissions of lead-containing dust are materials storage

and handling (or casings and matte piles and related cleanup activities)

and travel over unpaved surfaces on site.

The fugitive dust generation process is caused by three basic phy

sical actions:

1. Pulverization and abrasion of surface materials by application

of mechanical force such as tires or digging implements;

2. Entrainment of dust particles by the turbulent action of air

currents from either the wind moving across exposed surfaces,

or air displacement during materials transfer; and

3. Erosion of exposed surfaces by high wind velocities (exceeding

about 12 miles per hour).

At present, airborne lead results primarily from entrainment caused

by wind action on exposed surfaces, primarily the battery casing piles,

contaminated surface soils and the exposed matte. Several factors

affect the potential for dust generation from surfaces by entrainment.

First, the amount of finely-divided particles containing lead is

directly proportional to the emission potential. Battery casings, for

instance, contain significant quantities of finely-divided lead and lead

oxide particles. Small particles become easily suspended with lower

levels of turbulent airflow; they also remain suspended in the air

longer because their settling velocities are low as well. Small par

ticles of less than 10 micrometers represent a higher potential human

health risk since they can pass through the filtering mechanisms of the

upper respiratory tract and penetrate the lungs.

The moisture content of the material affects dust generation poten

tial because water tends to agglomerate and cement the fine particles
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together (and to the surfaces of large particles) so that they act like

much larger particles. Larger particles are much less likely to become

airborne, and they settle quickly because of their mass. Surface tension

effects of water that accompanies higher moisture contents also reduces

of air entrainment of particles. During the wet season months, the high

moisture content of the soils and the wet surface of the matte In site

helps reduce airborne lead emissions. Unfortunately, the beneficial

effects of moisture last only as long as the moisture is present. Dry

season months, correspondingly, will have higher levels of fugitive dust

and airborne lead.

Exposure to the wind and the effects of sheltering' can affect the

rate of entrainment and erosion of particulate matter. Sheltering has

the effect of reducing wind speed over the exposod surface and thus

minimizes the turbulent action of the air. The tarps applied to the bat

tery casing piles were effectively a sheltering control measure. How

ever, the tarps were inadequately secured at the time of installation

and, during high wind conditions, became dislodged on several occasions.

This ~egates the sheltering effect and enhances the particulate entrain

ment at precisely the time when entrainment and erosion potential is

highest due to air turbulence from high wind speeds.

Entrainment due to air displacement during handling (loading,

dumping, etc.) of contaminated materials has not been a factor during

the remedial investigation because contaminated materials have not been

appreciably disturbed. However, this factor will become important when

future remedial actions occur and the contaminated material piles must

be disturbed. Since the piles have been in place for number of years,

emissions of lead-contaminated dust from them will have been minimized

to some extent. Freshly-placed piles have higher emissons until fine

particles at the surface have been emitted, have settled or have agglom

erated leaving larger, less mobile particles at the surface. Disturbing

aged piles, however, ~~~l increase the potential for emissions because

of the freshly exposed surfaces and the localized air turbulence from

the loading and dumping 0perations.

Control measures :3~ je taken to reduce the potential for airborne

lead emissions during :na cer i aLs handling. Measures that have been
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demonstrated to be effective include the application of dust suppres

sants, water sprays and use of portable windscreens. Addi tionally,

displaced air turbulence can be slightly minimized by reducing drop

distances during unloading into haul equipment or hoppers.

Pulverization and abrasion resulting from the application of

mechanical force at the site has been limited during the remedial

investigation to principally traffic on unpaved surfaces during the dry

season months and to the cleaning and decontaminating of the battery

casing separation equipment during August and September 1986. The

observed airborne lead levels, however, indicate that if prolonged

activities of this nature were to occur, airborne lead levels could

reach unacceptable levels unless control actions were taken. Emissions

control actions include ap; .ication of dust suppressants to unpaved

areas where vehicles frequently travel •

/
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• 6.0 BIOTA INVESTIGATION

6.1 FLORA

6.1.1 Site and Local Distribution

The Gould site is largely devoid of vegetation. Much of the site

surface area is paved or covered with battery casings. A few ornamental

evergreen trees exist around the office building. Other vegetation in

the site area is largely conf~ned to the perimeter of the East and West

Doane Lake remnants, and consists of annual and perennial grasses,

blackberries, and small woody shrubs. No rare, threatened, or

•

endangered plant species are known to occur on the site.

6.1.2 Contaminant Concentrations

No data were located for contaminant uptake and incorporation by

onsite vegetation. Studies to determine this were not considered for

the scope of this Remedial Investi~ation•

6.2 FAUNA

6.2.1 Site and Local Distribution

Onsite occurrence of animals is low due to limited habitat.
f

Several species of birds are the most common animals frequenting the

site, including sparrows, thrushes, swallows, and other passerines, as

well as mallards that regularly frequent the East Doane Lake remnant.

Onsite mammals are probably limited to ground squirrels and rats.

Aquatic organisms in the Doane Lake remnants include aquatic inver-

tebrates and frogs. No fish have been observed in either of the lake

••

remnants.

No rare, threatened, or endangered animal species are known to

occur on the site .
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6.2.2 Contaminant Concentration

No data were located for contaminant concentrations in onsite

fauna. Studies to investigate this were not considered for the scope of

this remedial investigation. The Oregon Department of Environmental

Quality (DEQ) conducted sampling for toxicants in sediment, water, and

fish and invertebrate tissue in the Willamette River adjacent to the

site (River Miles 6.8 to 7.1) from 1980 through 1982. Tissue metals

concentrations were analyzed for both invertebrates (crayfish) and fish

(various species) (Oregon DEQ 1982). Both fish and crayfish tissue

samples were composited for analyses. Crayfish collected at the river

station near Doane Lake were found to have a tissue lead concentration

of 0.68 parts per million (ppm). Fish from the river station at the

SP&S Railroad Bridge were tested for tissue metals concentration.

Peamouth collected on January 27, 1981 were found to have a tissue lead

level of 0.29 ppm. Three species collected on October 6, 1981

(peamouth, sucker, and chiselmouth) were below the detection limit for

lead [0. 1 ppm]) •
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7.0 BENCH SCALE STUDIES

7.1 INTRODUCTION

The following sections describe the bench scale studies undertaken

during the Gould Remedial Investigation. The purpose and scope, pro

cedures, results, and conclusions of the following three tests are pre

sented: (1) battery casing coating test~ (2) batch adsorption test~ and

(3) leach potential test.

7.2 BATTERY CASING COATING TEST

7.2.1 Purpose

The purpose of the battery casing coating test was to assess the

potential for three different coating formulations to minimize the

leaching of lead from the casing material. The test material consisted

of a composite of 12 battery casing samples collected as part of the

battery casing sampling program (Section 3.2.3). Three coating

materials were evaluated: (1) a proprietary lead control compound (K-20

Lead-In-Soil Control Mixture); (2) a non-proprietary chemical coating

compound (sodium silicate); and, (3) an epoxy paint. Aliquots of the

composite battery casing sample were coated with one of the coating

materials and each coated sample was extracted and analyzed for lead

according to EP Toxicity test procedures.

7.2.2 Procedure

The composite battery casing sample was prepared by combining

representative' 8~-gram portions of 12 individual battery casing samples.

The twelve representative portions were taken from samples that had

already been prepared for analysis by EP Toxicity procedures (i.e., par

ticle size reduced to pass the appropriate screen size) during the bat

tery casing sampling program. The composited sample was divided into

four equal samples and the i~dividual samples were screened again with a

No. 14 sieve mesh screen to remove particles that would be lost during

the coating procedure. Forty grams of each sample retained on the

screen were used in the coating test. The four screened samples were
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labeled A, B, C, and D. The 0 sample was held for future analysis; the

A, B, and C samples were treated as follows:

A. The proprietary coating solution K-20 ICS/LS was delivered to

the analytical laboratory in two parts, part A and B. The solu

tions were mixed at a 10:1 ratio by mixing 250 milliters (mls)

of part A with 25 ml of part B. The 40-gram battery casing

sample labeled A was added to the mixed coating solution,

stirred for one minute and then strained. The coated material

was spread out on mixing paper and dried for 26 hours. The

dried, coated material was extracted and analyzed as described

below.

B. The sodium silicate solution was obtained by the analytical

laboratory and was identified as Banco (TM), Anderson Labora

tories, Inc. No. 68330, 4 liters sodium silicate 41° Be solu

tion (water glass-technical). The 40-gram battery casing

sample labled B was added to a beaker containing 200 ml of the

sodium silicate solution and stirred for one minute. The

coated material was spread out on mixing paper and dried for 26

hours. The dried, coated material was extracted and analyzed

as described below.

C. The epoxy spray paint was delivered to the analytical labora

tory and was identified as Zynolyte epoxy spray paint, clear

0537 (net wt. 13 cz v }. The 40-gram battery casing sample

labeled C was placed in a plastic bag filled with air and epoxy

spray mist. The bag was sealed and shaken to lightly coat all

surfaces of the material. The casing material was then spread

onto mixing paper and sprayed with additional paint. A total

of approximately 4 oz. of spray paint mixture was used. The

coated material was dried for 26 hours and the dried, coated

material was extracted and analyzed as described below •

The three coated ~attery casing samples were extracted by EP

Toxicity procedure EPA ~et~od 1310, without the grinding and/or screen

ing steps. The 40-gram 3a~ples ~ere extracted with 640 mis of deionized
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water. The pH was adjusted with the required volume of acetic acid

during the extraction to adjust the pH of the samples to 5 + 0.2. The

extracts were analyzed for lead by EPA method 6010 (ICP).

7.2.3 Results

The results of the battery casing coating test are presented in

Table 7.2-1. The laboratory data report has been submitted previously

(Dames & Moore, 1987).

TABLE 7.2-1

BATTERY CASING COATING TEST RESULTS

•

Sample Designation

A

B

c

Extract Lead Concentration (mg/l)

290

520

30

••

The results of the battery casing coating test indicate that none

of the three coating formulations tested reduced the leachable lead con

centration below the ,accepted standard concentration established to

identify a waste as hazardous or non-hazardous. (Maximum contamination

level (MCL] for lead in the EP Toxicity test is 5 mg/l.) The epoxy

spray had the best overall reduction in leachable lead with an extract

lead concentration of 30 mg/l. However, this concentration is still six

times higher than the MCL.

7.2.4 Conclusions

The following conclusions are based on the results of the battery

casing coating test:

1. The coating formulations tested were not effective in reducing

the leachable lead concentration below acceptable levels; and
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2. The epoxy resin coating resulted in the largest reduction in

leachable lead concentration. Larger quantities and/or addi

tional coatings of epoxy paint may further reduce the leachable

lead concentration. However, the logistical difficulties of

application to large volumes of battery casing materials, the

large quantities of coating spray necessary, and the potential

toxic or hazardous nature of the coated material makes this an

impractical treatment alternative.

7.3 BATCH ADSORPTION TEST

7.3.1 Purpose and Scope

The purpose of the batch adsorption test was to evaluate the

soil/water interactions between representative site soil samples and

dissolved lead in representative site ground water. These soil/water

interactions include adsorption and desorption interactions between

dissolved lead in ground water and soil particles. Adsorption results

in removal of dissolved lead from the ground water by the soil material,

thereby reducing the ground-water lead ~_~centration and mobility.

Desorption results in a release of lead associated with the soil

material into the ground water, thereby increasing the ground-water lead

concentration. Emphasis was placed on the effect of these interactions

with respect to the dissolved lead retardation potential by the soils

(adsorption). The procedure has been extensively used by soil scien

tists and geochemists concerned with determining retardation parameters

suitable for modeling contaminant transport (Relyea, et ale 1980; Pavlik

and Runnells 1984).

The batch adsorption test consisted of equilibrating representative

samples of different site soil types site with representative site water

containing different concentrations of dissolved lead. Twelve soil

samples including six surface soil, four subsurface soil and two sedi

ment samples, were collected for this test during their respective

sampling programs. The co l l.ec t Lon procedures are described in Appen

dix A. Representative site ground water was collected immediately

before the test was initiated. The site water was spiked with four
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different dissolved lead concentrations ranging from 0.0 to 2.0 mg/l.

The samples were equilibrated for 24 hours, the filtered and analyzed

for dissolved lead and other water quality parameters.

The results of the batch adsorption test are used to determine the

Rd parameter, a measure of the partitioning of lead between soil and

water. The Rd parameter for lead is defined and calulated as follows:

Rd • (mass of Pb adsorbed per gram of soil)
(mass of Pb in solution after equilibration period)

The Rd parameter is determined by plotting an adsorption isotherm

for the data collected in the batch test. This defines the partitioning

relationship for Pb between the solid phase and the ground-water solu

tion. For each sample type, the following calculation is made:

s = (Co - C) V/M

where

S • amount of lead adsorbed on soil
Co = initial.concentration of Pb in solution
C • final concentration of Pb in solution after the

equilibration period
V = total volume of fluid
M = total mass of soil

A plot of S versu~ C determines the partitioning function for each

sample type. The slope of this partitioning function is the lead Rd for

each sample type.

The value of the Rd parameter rests in its ability to describe the

partitioning of a dissolved contaminant between the soil and the ground

water in contact with the soil. Generally, the partitioning relation

ship observed in the adsorption isotherm is linear in the range of con

centrations observed under field conditions. Therefore, the Rd can be

directly used in the advection-dispersion equation in the development of

models for predicting the rate of contaminant movement in ground water .

In predictive models, Rd is used to calculate a retardation factor

defined in the retardation equation as follows:
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R • 1 + (p Rd/n)

where
p • bulk density of porous medium
n • porosity of porous medium

Rd • retardation coefficient or distribution coefficient
R • retardation factor

The retardation factor is used to calculate the velocity of the

dissolved contaminant movement relative to the velocity of ground water.

7.3.2 Procedure

The batch adsorption test was conducted following the procedures

described below:

1. Twelve representative soil samples were screened so that only

materials passing a 2-millimeter (mm) screen were used. Each

of the 12 samples were split into five subsamples weighing

80 grams each. The five subsamples were placed into clean,

acid-washed bottles and labeled 1 through 5.

2. Pive solutions were made with representative ground water. One

solution was not spiked and therefore had a dissolved lead con

centration representative of the collected site water. Th~

remaining four solutions were spiked so that resulting

dissolved lead concentrations were 0.5, 1.0, 1.5 and 2.0 mg/l.

The representative site water (no spike) was place in bottle 1

and the four spike solutions were placed in bottles 2 through

5. The volume of solution placed in each bottle was 400 mI.

3. One set of five bottles containing the same 400-ml solutions

used in step (2) but with no soil were also prepared. These

bottles were prepared as the blank or control samples to moni

tor the changes in concentrations not due to soil/water

interactions.

4. The 60 bottles containing soil and water and the five bottles

with only water were equilibrated for 24 hours at constant

temperature.
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5. After the 24-hour equilibration period, the bottles were

centrifuged and the decanted solution from each bottle was

filtered through a 0.45 micron filter. The filtrate was split

into two portions, A and B.

6. Filtrate portion A was analyzed for pH, specific conductance,

alkalinity, sulfate, and chloride.

7. Filtrate portion B was acidified with nitric acid to pH <2 and

the acidified sample was analyzed for the dissolved consti

tuents lead, arsenic, sodium, potassium, calcium, magnesium,

iron, and zinc.

7.3.3 Results

The results of the batch adsorption test are presented below (Table

7.3-1). The four samples, one subsurface sample (W-75-20'), one sedi-
e

ment sample (50-3) and two surface soil samples (5-9 and 5-13), all had

total lead concentrations in the soil greater than 800 mg/kg. The

results . indicate that four of the samples had lead concentrations

remaining in the equilibrated solutions above the detection limit

(0.01 mg/l). The average lead concentration remaining in the equilib

rated solutions in these four samples were 0.052 mg/l in sample

W-75-20', 0.004 mg/l in sample 50-3, 0.27 mg/l in sample 5-9 and 0.072

mg/l in sample 5-13.

The results indicate that resulting solution lead concentrations

were relatively constant for a given sample, further indicating that

there was no effect of initial solution lead concentration on the

adsorption/desorption mechanisms. An example of this can be seen in

the results for the 8-9 sample. The spike lead concentration ranged

from 0.0 to 2.0 mg/l but the equilibrated lead concentrations in the 5

solutions show no direct relationship to these increasing concentrations

of lead in the initial so i ke solutions. In addition, the results for

samples W-75-20', 5-9 and 5-13 indicate that the samples leached lead

into the 0.0 and 0.5 mg.:' initial spike solutions (as indicated by a

negative amount adsorbed ~~ Table 7.3-2).
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InBlE 7.3-1
MTCH ADSORPTION lEST RESULTS

Soil Pb
Pb Spike

Cane,n- Canem- AUahn!ty
SAIlPlE lratian lration pH Pb M Zn F. Na K Ca Mq CI 504 (as CaC03) EC
NIIIlBER (1Iq/lql (1lI/1 l (1Iq/ll (1Iq/ll (lIli ll (lq/l) (1Iq/ll (1Iq/1) (lq/ll (,q/ll (.q/ll (lg/I) (1Il / 11 (u'hos/e.'
--------------------------------------------------------- ...------------------------ ...._-----_...- ..--------------------------
BlAH« 0.0 6.1 00.01 Uo.oOS 0.006 0.01 1.6 0.2 4 0.2 Ul ,; 26

0.5 5.9 0.04 UO.OOS 0.110 0,01 2.4 0.3 uc.ei 0.1 Ul 1 6 16
1,0 4.2 0.43 UO.005 0.140 Uo.ol ' . 0.4 UO.Ol 001 UI 1 UI 37•• J

1.5 3.8 0.92 UO.OO5 0.160 0.09 2.4 0.4 UO.Ol 0.1 UI UI UI 72
2.0 3.5 1.40 Uo.o05 0.170 UO.OI ' . 0.4 UO.Ol 00.01 Ul UI Ul 110•• J

Average 4.7 0.54 0.117 0.02 ' , 0.3 0.8 0.1 0.8 2.4 ."
"'4 oJ....

W-OS-26' 16 0.0 7.0 UO.Ol UO.005 0.084 0.03 39 8.4 98 47 20 10 490 1000
0.5 7.2 00.01 UO.005 0.072 UO.OI 39 8.4 88 45 18 10 480 990
1.0 7.1 00.01 00.005 0.069 UO.OI 40 8.4 96 47 18 10 440 980
1.5 7.2 00.01 UO.OOS O.on UO.OI 39 8.4 93 46 18 10 450 9'10
2.0 7.0 UO.Ol UO.OOS 0.069 UO.OI 40 9.4 94 46 19 9 450 990

Averaqe iol 0.00 0.074 0.01 39 8.4 92 46 18.6 10 462 990

W-7S-20' 820 0.0 6.2 0.06 Uo.oOS 0.580 o.oS 63 i .2 09 28 16 180 ~O 9';0
0.5 6.2 0.05 UO.005 O.ZO 0.17 64 7.'2 68 28 Ii 180 240 970
1.0 6.2 0.05 UO.005 0.550 0.0'; 64 7.2 68 27 16 180 230 880
1.S ' , 0.05 UO.OOS 0.5';0 0.08 06 -, 58 28 16 170 230 8800 •• / ....
2.0 6.3 0.05 00.005 0.5S0 0015 67 1.2 62 28 16 ISO m 870

AVfrag, 0•.2 0.05 O.Z8 0010 65 7.2 6S 28 16.2 178 236 872

• 8-6-21 r 74 0.0 6.9 UO.Ol UO.OOS 0.086 0.24 " 9.,; 90 51 16 120 4eO 1200~.

0.5 7.0 UO.OI UO.OOS 0.083 0.13 68 9.4 92 49 16 110 480 1200
1.0 7.0 UO.Ol UO.005 0.075 0.20 68 9.,; 91 50 17 120 470 1200
1.5 i.l UO.Ol UO.OOS 0.071 0.21 70 9.,; 90 50 16 120 470 1200
2.0 7.1 UO.Ol UO.OOS 0.079 0.29 70 9.'; 99 48 16 120 450 1200

AY,raqe 7.0 0.00 0.079 0.23 68 9.6 90 50 is.: us 470 t200

8-8-32' 41 0.0 6.7 UO.OI. UO.OOS 0.140 0.23 09 8.0 54 31 .- 56 340 940oJ

0.5 6.7 UO.Ol UO.OOS '0.140 0.03 69 8.0 54 JV 57 60 320 920
1.0 6.~ UO.Ol UO.OOS 0.140 0.06 69 9.0 55 30

., ., 320 940J. J.

i.s 6.7 UO.OI UO.005 0.140 0.:5 09 8.0 55 31 48 ~S 320 940
2.0 ~.7 UO.OI UO.005 c. 140 0.12 70 9.'J 56 31 '8 ~9 3:0 040

,~Yer9qe Jo i 0.00 0.140 0.14 99 9.0 .. 31 ... .- j2~ 936oJ .. .10,) .J

5-1 500 0.0 6.5 UO.Ol UO.OOS 0.200 0056 29 7.3 54 ,- 12 to 310 660.)

0.5 6.4 UO.OI UO.OOS 0.190 0.15 28 7.6 53 2Z 11 9 310 630
1.0 0.5 ue.ci UO.005 0.200 0011 29 o . .~ 22 q :90 630". .J

1.5 ' . UO.OI UO.OOS 0.180 0.21 :9 ' . 56 23 12 10 290 0309'J , ·0

2.0 6.5 UO.Ol UO.005 0.200 0018 29 700 50 23 11 10 290 MO

Averaq, .. 0.00 0.194 0.24 29 7.6 54 23 II 298 638~'J

••
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TA8LE 7.3-1
8ATCH ADSORPTION TEST RESULTS

Sai1 Pb
Pb SPike

Coneen- Conelln- AlkGllnl ty
SAlIPLE traiion tration pH I'b As Zn Fe No K Co Hq C1 504 (as CoC03) EC
NllllBER (Ill/kg) (1q11) (14I/11 (1lI/1 ) (1q/1) (aq/ll (lq/ll (ig/ll (Iqill iaq/ll (Iq/ll (1q/1) (Iq/l) (ulhos/el)
----- .._---------------------..------------------------------------------------------------------------------

5-9 20000 0.0 6.3 0.26 0.017 0.610 0.07 30 15 190 30 18 400 150 1300
0.5 ·6.4 0.28 0.013 0.670 0.29 29 IS 180 30 18 no 140 1300
1.0 6.3 0.28 0.012 0.030 0.12 30 15 190 30 19 390 140 1300
1.5 6.4 0.24 0.012 o.s90 0.12 30 15 190 30 19 420 140 1400
2.0 6.3 0.29 0.011 0.720 0.15 30 15 200 29 18 400 140 1300

Averaqe 6.3 0.27 0.013 0.644 0.\5 30 15 190 30 18.4 408 142 1320

5-13 1400 0.0 6.7 0.06 Uo.o05 00140 0.\2 28 9.8 69 26 11 31 330 710
O.~ 6.6 0.07 UO.005 00150 0.14 28 9.8 i2 27 11 27 330 710
1.0 6.7 0.06 UO.005 0.\60 0.\1 28 9.8 71 29 11 25 330 710
1.5 6.6 0.08 UO.005 0.130 0.09 27 10 71 29 10 24 330 720
2.0 6.7 0.09 UO.OOS 0.140 0.\1 28 10 i3 28 11 28 330 730

Average 6.7 0.07 00144 0.11 28 9.9 71 27 1Q.3 27 330 716

5-37 16 0.0 7.4 UO.Ol UO.005 0.088 0.02 31 3.2 82 00 12 9 510 920
0.5 7.4 UO.Ol UO.OOS 0.079 0.08 31 3.0 76 5.) 11 9 500 910
1.0 7.4 UO.Ol UO.005 0.089 o.oE 31 3.0 76 54 11 9 500 910

• 1.S 7.4 UO.Ol UO.005 0.081 0.15 30 3.0 81 54 11 9 480 910
~.O 7.4 Uo.ol UO.005 0.088 0.05 29 -, 77 54 11 9 480 noJ ••

Averaqe 7.4 0.00 0 0.085 0.08 30 301 78 56 11.2 9 494 919

5-45 20 0.0 7.5 UO.Ol UO.OOS 0.089 0.02 29 3.8 77 66 16 9 510 980
0.5 7.6 UO.OI UO.005 0.100 0.02 30 3.8 78 64 12 9 510 970
1.0 · . UO.Ol UO.005 0.081 0.07 29 3.6 -, 64 12 8 500 990I .., I.

1.S 7.S UO.Ol UO.OOS 0.070 0.01 29 3.6 76 66 12 1') 500 990
2.0 1.S UO.Ol UO.OOS 0.074 .).01 30 j.o 74 64 12 9 500 990

Averaqe 7,S 0.00 ').083 0.03 29 3.7 76 65 12.8 q 504 984

5-57 45 ').0 · . IJO.OI UO.005 0.130 M9 :8 5.0 46 19 l~ 9 :~O 5400."
0.5 6.4 UO.OI UO.OOS 0.140 0011 28 .. 46 18 12 1 250 540J.O

1.0 6.4 UO.Ol UO.005 0.130 0.\1 28 .. 45 19 12 9 2S0 550J.o

1.5 6.4 UO.Ol UO.005 0.140 0.\5 28 5.8 44 19 14 10 ZSO ~50

2.0 6.4 UO.Ol UO.005 0.140 0.16 28 5.6 46 18 12 9 240 5~O

Averaqe 6.4 0.00 0.136 0.\2 28 ~. 6 45 19 12.4 248 546

•e
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TABlE 7.3-1
BATCH ADSORPTION TEST RESULTS

Soil Pb
Pb Spikl

Concen- Coneen- malinity
SAItPlE tl'GtiOll tration pH Pb As Zn Ft No K Co Hq Cl 504 (as CoC031 EC
NUllBER (1lI/kg) (1ll/1> (1q/1) (lgi11 (Ill/II (19/1l (1ll/1> (19/1> (19/11 (Ill/II (1ll/1> (19/11 (19/11 (ulllos/'I)

------------------------------------------------------- ..._----------------------...------

SD-7 ~6 0.0 7.0 00.01 Uo.o05 0.110 0.04 41 6.8 n 38 13 39 410 840
0.5 7.0 00.01 00.005 0.100 0.03 40 6.8 73 40 13 39 410 840
1.0 7.0 00.01 Uo.o05 0.110 0.06 41 6.8 71 39 IZ 40 410 950
1.5 6.9 UO.Ol UO.OO5 00100 0.04 41 6.8 73 39 13 43 400 860
2.0 6.9 UO.OI 00.005 0.110 0.03 41 6.8 74 40 13 40 400 960

~1'G911 7.0 0.00 0.106 0.04 41 6.8 73 39 1M 40 406 850

5D-3 160 0.0 7.4 UO.Ol 00.005 0.084 0.10 36 7.4 120 ~8 14 34 490 1000
O.~ 7.5 O.OZ UO.005 0.200 UO.Ol 37 i .4 110 27 16 36 500 1100
1.0 7.3 UO.Ol UO.OO5 0.085 UO.OI 36 7.4 110 27 IS 37 490 1000
1.S 7.3 UO.OI UO.005 0.140 0.07 36 7•.4 110 27 16 35 490 1000
2.0 7.3 UO.Ol 00.005 0.087 0.02 36 7.4 110 28 15 36 480 1100

""eroge 7.4 0.00 0 0.119 0.04 36 7.4 112 27 15.2 36 490 1040

•

•e
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TABLE 7.3-2

~ CALCULATION SUMMARY TABLE

Initial Corrected Equilibrium
Lead Lead Spike Solution Amount of Lead

Spike Concentrationl Lead Adsorbed on Soil
Concentration (Co) Conc-:;ntration (S)

(mq/l) (mq/l> (mq/l) (mq/q)

W-6S-26'2 0.0 UO.01 UO.Ol 0.00
0.5 0.04 UO.Ol 0.20
1.0 0.43 UO.Ol 2.15
1.5 0.92 UO.Ol 4.60
2.0 1.40 UO.Ol 7.00

W-7S-20' 0.0 UO.Ol 0.06 -0.30
0.5 0.04 0.05 -0.05
1.0 0.43 0.05 1.90
1.5 0.92 0.05 4.35
2.0 1.40 0.05 6.75

• 5-9 0.0 UO.Ol 0.26 -1.30
0.5 0.04 0.28 -1.20
1.0 0.43 0.28 0.75
1.5 ·0.92 0.24 3.40
2.0 1. 40 0.29 5.55

S-13 0.0 UO.Ol 0.06 -0.30
0.5 0.04 0.07 -0.15
1.0 0.43 0.06 1.85
1.5 0.92 0.08 4.20
2.0 1. 40 0.09 6.55

SO-3 0.0 UO.Ol UO.01 0.00
0.5 0.04 0.02 0.10
1.0 0.43 UO.01 2.15
1.5 0.92 UO.01 4.60
2.0 1.40 UO.Ol 7.00

••
(1) Corrected for adsorptive loss of 0.5 mq/l in blank.

(2) Representative of all samples with equilibrium solution lead con
centrations below detection limit.
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The results suggest that the controlling factor that determines the

equilibrium solution lead concentration is the soil lead concentration

and not the initial solution concentration. The results also indicate

that the lead adsorption/desorption is probably due to surface adsorp

tion and/or ion exchange mechanisms. The apparent anomalously low

equilibrium solution lead concentration in sample 50-3 is probably due

to the higher pH of the sediment (9.7) which may have influenced the

adsorption/desorption mechanisms, possibily enhancing the pH controlled

precipitation mechanism, thus lowering lead solubility in the solution.

The blank solution (no soil) results indicate that, in general, the

concentrations of the parameters in the blank solutions remained

constant throughout the test. The pH of the solutions dropped with

increasing spike lead concentrations. This is probably due to the low

pH of the spike solutions. There also appears to be an adsorptive loss

of spike lead to the walls of the equilibration containers. This loss,

approximately 0.5 mg/l, was constant throughout the range of spike solu

tion concentrations and had little or no influence on the test results.

Comparison of the blank results to the sample results indicates·

that the sample soils leached most of the parameters other than lead

into solution. Sample 5-9 is the only sample indicating leaching of

arsenic. All the samples leached the common element parameters (i.e.,

calcium, sodium etc.) into solution, as would be expected.

The Rd parameter '....as not calculated since lead was essentially

removed from the solutions quantitatively. As described above (Section

7.3.1), the plotted slope of the lead amount adsorbed from solution per

gram of sample (S) versus the equilibrium lead solution concentration

(C) would yield the Rd parameter. These values are presented below

(Table 7.3-2). Since the eqUilibrium lead solution concentrations (C)

are nearly constant for all samples, the slope of the line is vertical

and the Rd parameter approaches infinity for all the samples. This

result indicates that ,.lnder conditions simulated by this test, soils

and sediments at the si~e ~ave a high potential for lead adsorption.

7-12
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7.3.4 Conclusions

The following conclusions are based on the results of the batch

adsorption test:

1. Within the range of solution lead concentrations and

compositions studied, the controlling factor in equilibrium

solution lead concentration appears to be the total lead

concentration in the soil and not the initial soluticn lead

concentration.

2. The adsorptive capacity of the soils and sediments studied is

100 percent for lead when the total soil lead concentration is

less than 800 mg/kg. Samples with higher total soil lead con

centrations also have adsorptive capacities. Therefore, the

results indicate that under the same conditons of this test,

site soils and sediments probably have adsorptive capacities

that lead to inhibited lead migration •

7.4 LEACH POTENTIAL TEST

7.4.1 Purpose and Scope

The purpose of the leach potential test was to evaluate the poten

tial for lead to leach from primary source material <battery casing and

matte) and secondary source material (contaminated soils and sediment)

into the ground water under varying conditions of pH. The effect of

organics present in the ground water on the potential for lead leaching

was also evaluated.

The five sample types used in the leach potential test consisted of

battery casing, matte, surface soil, subsurface soil, and sediment

samples. One sample of each representative type of lead-containing

material (lead concentration >100 mg/kg) was used in the test. When

there was not enough of a particular sample, a composite sample was

used. The leach solutions consisted of pH-adjusted. tap water that

encompassed the 2.8 - 12.5 pH range of the ground water measured at the

site. The hardness and sulfate concentrations of the tap water were

scoEPA00004297
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adjusted with magnesium and calcium sulfate salts to levels represen

tative of the site water. Ground water obtained from the site with

potentially high concentrations of organics was used as well. The leach

solutions were analyzed for· pH, dissolved lead, and arsenic after an

equilibration period of 24 hours.

7.4.2 Procedure

The leach potential test was conducted following the proc.:!dures

described below:

1. The five sample types used in the leach test were analyzed for

pH,· percent solids, total lead and total arsenic before the

test began.

2. Each sample type was divided into four portions, each weighing

80 grams. For each of the five material types, the four por

tions were placed L::.o four clean, acid-washed bottles and

labeled 1 through 4. A duplicate set of bottles was prepared

for one of .the sample types and an additional set of bottles

was prepared as a blank (no soil added). A total number of

28 bottles were prepared.

3. Four leach solutions were prepared for the leach test. Three

of the solutions' were prepared with tap water. Calcium and

magnesium sulfate salts were added to bring the hardness of the

tap water to a level representative of the site water (500

mg/U. The pH of these three solutions was adjusted with

sulfuric acid and sodium hydroxide to desired levels of 2.8,

6.0 and 12.0, respectively. Representative site water with

high organics concentrations, collected immediately before the

leach test began, comprised the fourth leach solution.

4. The four bottles for each of the five sample types, duplicate,

and blank samples were filled with the solutions described

above. The bottles were filled as follows:

7-14
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• Bottle Number Solution

1 2.8 pH

2 6.0 pH

3 12.5 pH

4 Organics

5. The sample bottles were equilibrated for 24 hours at constant

temperature with an end-over-end tumbler. After that time, the

leach solutions were filtered through 0.45 micrometer (um)

filters and split into two portions, A and B.

6. Filtrate portion A was analyzed for pH and dissolved arsenic.

Filtrate portion B was acidified to pH <2 with nitric acid and

analyzed for dissolved lead.

•
7.4.3 Results

The results of the leach potential test are presented in Table

7.4-1. The results indicate that leachable lead was detected from all

five of the sample material types under test conditions. The leachable

lead concentration varied depending on the sample material and on the

initial leach solution pH.

The battery casing sample results indicate that the high pH leach

solution resulted in the largest concentration of leachable lead (660

mg/l) • The results also indicate that there was a small increase in

••

leachable lead concentration in the low pH solution (0.25 mg/ll compared

to the moderate pH solution (0.15 mg/ll. The results for the high orga

nic leach solution (0.75 mg/ll indicate a small increase in leachable

lead concentration compared to the moderate pH solution, which has a

comparable solution pH. The high leachable lead concentration measured

in the high pH leach solution is probably the result of solubilized lead

hydroxides that precipitate at lower pH. Leachable arsenic was detected

above the detection limit (0.005 mg/ll in the high organic leach solu

tion (0.027 mg/l) and in the high pH solution (0.007 mg/ll.

7-15
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TABLE 7.4-1

LEACH POTENTIAL TEST RESULTS

Leach Leach
Initial Final Solution Solution

Leach Leach Lead Arsenic
Sample Solution Solution Concentration Concentration
Material pH/TOC pH (mg/l> (mg/l>

Blank 2.8/LOW 2.8 00.05 00.005
6.0/LOW 6.1 00.05 00.005

12.s/LOW 12.3 0.08 00.005
6.s/HIGH 6.5 0.11 00.005

Battery Casing 2.8/LOW 6.8 0.25 00.005
6.0/LOW 6.9 0.15 00.005

12.S/LOW 12.2 660 0.007
6.s/HIGH 6.6 0.75 0.027

Sediment 2.8/LOW 6.8 0.13 0.087

• 6.0/LOW 6.9 0.12 0.059
12.s/LOW 11. 7 0.13 1.6
6.s/HIGH 6.6 0.18 0.32

Matte 2.8/LOW 5.8 6.8 00.005
6.0/LOW 5.8 9 0.005

12.s/LOW 6.3 0.23 00.005
6.S/HIGH 5.8 5.2 0.008

Subsurface Soil 2.8/LOW 12.3 0.31 ao.oos
6.0/LOW 12.4 0.36 ao.oos

12.s/LOW 12.5 0.46 00.005
6.s/HIGH 12.1 0.18 00.005

Surface Soil 2.8/LOW S.8 3.1 0.007
DOPLICATE 5.8 2.7 00.005

6.0/LOW 5.9 0.44 00.005
DOPLICATE 6.0 0.48 00.005
12.S/LOW 11.9 7.9 0.72
DOPLICATE 11.8 6.3 0.72

• 6.S/HIGH 6.2 0.7 0.007
DUPLICATE 6.3 0.61 00.005

•
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The sediment sample results indicate that the leachable lead con

centrations were approximately the same for each of the four leach solu

tions, with the high organic solution result (0.18 mg/l> indicating a

slight increase over the moderate pH leach solution (0.12 mg/l). The

arsenic analyses indicate that the high pH solution resulted in the

largest concentration of leachable arsenic (1.6 mg/l). The results also

indicate that there was a slight increase in leachable arsenic in the

low pH solution (0.087 mg/l) compared to the moderate pH solution (0.059

mg/l) • The results for the high organic leach solution (0.32 mg/l)

indicate a moderate increase in leachable arsenic concentration compared

to the moderate pH solution.

The matte sample results indicate that the leachable lead con

centrations in the low pH (6.8 mg/l), moderate pH (9.0 mg/l) and high

organic (5.2 mg/l) leach solutions were relatively the same. The high

pH leach solution.result (0.23 mg/l) is significantly lower, possibly

due to adsorption of lead onto iron oxides generated by the high initial

pH of the solution (the matte material has very high concentrations of

iron). Leachable arsenic results were relatively the same for all four

leach solutions, ranging from less than the detection limit (0.005 mg/l)

to 0.008 mg/l in the high organic leach solution.

The subsurface soil results indicate that leachable lead con

centrations were relatively the same for the low, moderate and high pH

solutions (0.31, 0.36, and 0.46, respectively). The high organic leach

solution result was slightly lower (0.18 mg/l). There was no detectable

arsenic in any of the four leach solutions. The equilibrated pH in all

four solutions was greater than 12.0. This is probably due to the very

high pH of the soils used for the test.

The surface soil sample test was conducted in duplicate. The

results for the sample and the duplicate sample indicate good agreement,

with an average percent difference of less than ! 20 percent. The

results indicate that t~e high pH solution resulted in the largest

leachable lead concentra t i ori (7.9 mg/l). The results for the low pH

leach solution (3.1 mg/1J indicate a significant increase in leachable

lead compared to the moder~te 9H solution (0.48 mg/l). The high organic

7-17
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solution result (0.70 mg/l) indicates a slight increase over the moderate

pH solution. Arsenic concentrations were at or below the detection

limit (0.005 mg/l> in the low and moderate pH and high organic leach

solutions. The leachable arsenic concentration in the high pH leach

solution was 0.72 mg/l.

7.4.4 Conclusions

The following conclusions are based on the results of the leach

potential test:

1. Solutions with high initial pH (greater than 11) increase the

leachable lead and arsenic concentrations, except where

possible scavaging/adsorption by iron oxides may occur.

2. The leachability of lead is apparently enhanced at low pH

compared to moderate pH. If the conditions simulated during

the test are representative of the site conditions, then lower

pH water would have a greater potential for mobilizing lead at

the sit~.

3. Although high organic leach solutions indicated slightly

higher leachable lead concentrations in some samples, there is

no apparent significant leachabl~ lead enhancement attribu

table to the organic concentrations used in this test.

Therefore, if the high organic solution composition is repre

sentative of site water, then organics would probably have no

significant effect on lead mobilization at the site.

7-18
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8.0 PUBLIC HEALTH AND ENVIRONMENTAL CONCERNS

8.1 POTENTIAL RECEPTORS

8 •1. 1 Humans

8.1.1.1 Demographics Near Site

The study area is largely industrial in nature. The nearest resi

dences are on the hillside to the southwest (see Section 2.1.3). The

site has limited access; it is fenced on all sides except for the

entrance through the salvage yard (Rhone-Poulenc property) to the west

and would be difficult for the casual visitor to enter. While it is

unlikely that young persons would play in the area or gain unauthorized

access to the Gould property, this possibility cannot be ruled out.

8.1.1.2 Pathways of Contamination

As indicated in Section 3.0, the principal contaminant of concern

(lead) and minor secondary contaminants (~rsenic, cadmium, chromium and

zinc) are present in the surface soil, surface water, pond (Doane Lake

remnant) sediments, subsurface soil, and ground water. The presence of

these metals in these matrices indicates that exposure may occur through

contact, inhalation, ingestion, or any combination of the three. Skin

contact with these metals at concentrations observed is highly unlikely

to result in a toxic response.

Literature reports show that, in general, arsenic, cadmium, zinc,

and chromium exposure in the general popul.atLon of the United States

occurs via inhalation of contaminant-laden dust and/or ingestion of con

taminated food and water. Inhalation of tobacco smoke is also a general

pathway of exposure to cadmium and arsenic. The major route of inorga

nic lead absorption is through inhalation and ingestion. The amount of

lead actually absorbed will depend upon factors such as age and nutri

tional status of the individual.

The greatest potential for exposure to those living or working in

the vicinity of the site is through inhalation of contaminant-laden

8-1
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dust. However, exposure by ingestion cannot be ruled out. Dust may

settle on surfaces and subsequently be ingested. Further, should these

contaminants be absorbed through the consumption of water, adverse

health effects would likely occur. Exposure to zinc by inhalation,

ingestion, or contact is unlikely to result in an adverse response. The

more likely human response associated with zinc is a deficient condition

rather than a toxic condition.

8.1.2 Flora and Fauna

8.1.2.1 Endangered Species

The only federally-designated endangered or threatened species with

the potential to contact site contaminants is the bald eagle, Haliaeetus

leucocephalus (endangered in Oregon, threatened in Washington). Bald

eagle distribution in this area is primarily along the Columbia River

islands and sloughs during foraging flights. Documented nesting sites

occur far to the west of the site in the vicinity of the Columbia River

mouth (Becassio, et al. 1981). Bald eagles are typically scavengers,

preying upon dead or dying fish. To the extent that a bald eagle may

prey. upon fish containing elevated levels of lead, zinc, cadmium, or

arsenic, they are a potential receptor. However, the probability of

this occurrence is very low due to the small number of bald eagles in

the area.

8.1.2.2 Pathways of Contamination

Potential receptors among the study area flora and fauna include

the plant species growing in the immediate vicinity of contaminated

areas, terrestrial species foraging in these areas, and aquatic species

inhabiting the Doane Lake remnants. Onsite flora and fauna may be

exposed to site contaminants through uptake of contaminated surface

water or ingestion of contaminated plant material or pond sediments.

Bird species that frequent the Doane Lake remnants will consume surface

water and/or surficial sediments. Aquatic insects or other species

inhabiting the Doane Lake remnants will probably be exposed to con

taminants dissolved in the water column as well as those in surficial

sediments.

8-2
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8.1.2.3 BioaccUmulation of Contaminants

Transfer of contaminants through the food chain and biaoccumulation

is possible given the types of organisms observed in the study area.

Uptake and accumulation of contaminants, especially metals, by plants

growing on site is a potential concern. Though probably not harmful to

the plants themselves, the contaminants in their seeds, leaves, and

roots could be taken UP by small mammals and birds that consume these

plant parts. Larger predators, such as hawks and owls, could be exposed

to these contaminants through feeding on small mammals and birds.

Contaminants may also be incorporated into the leaves of the plants

growing on site. Leaves falling from these plants may be carried by

wind into the river where they will decompose. During breakdown of the

leaf, contaminants would become incorporated into the bottom sediments.

Ingestion of sediments by detritivorous aquatic invertebrates that are

in turn eaten by fish would provide another pathway of contamination and

accumulation.

8.i.2.4 Transfer to Humans

The most likely means of contaminant transfer to humans is through

hunting or fishing activities that occur off site. Mallards were

observed on site and, since this species is also actively hunted

throughout the area,' it is potentially possible for one that had been

feeding on site to be shot and subsequently consumed by humans. There

is little likelihood of any aquatic species in the Doane Lake remnants

being consumed by humans since only non-game species are known to inha

bit these ponds and access is restricted.

8.2 PUBLIC HEALTH

8.2.1 Human Health Effects of Site Contaminants

8.2.1.1 General

The toxic characteristics of the compounds identified as waste

material indicators are described herein. Levels of was'::e material

indicator metals in various matrices taken from the site are identified

8-3
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in Section 3.0. The information provided below is presented as a

general survey of literature reports on possible harmful effects of con

taminants observed on site. No instances of any of these effects have

been observed on site, nor are these effects expected from exposure to

levels of site contaminants that have been measured. This subject will

be fUlly addressed in the Feasibility Study Risk Assessment.

8.2.1.2 Arsenic

Arsenic compounds may be absorbed after ingestion or inhalation.

Chronic arsenic poisoning is characterized by malaise and fatigue.

Gastrointestinal disturbances and peripheral neuropathy (numbness of

extremities) may occur. Acute arsenic poisoning rarely occurs except by

accidental or homicidal ingestion. Symptoms consist of dryness of the

oral and nasal cavaties, vertigo, deleriurn, and coma.

Arsenic is ubiquitous in distribution in both soil and certain food

products. Routine exposure to arsenic leads to a normal body burden of

less than 100 milligrams per 70 kilograms of body weight (Doull et ale

1980). The normal body burden will likely be exceeded by exposure to

arsenic on the Gould site. The average daily intake of arsenic which

would result in the "normal body burden" of less than 100 milligrams per
"'70 kilograms of body weight is 0.7 milligrams. Ground-water sample

number W-02D from sampling round 1 indicates a level of 0.61 milligrams

per liter. If one were to drink slightly more than one liter of this

water daily, the body burden of arsenic would probably be higher than

normal.

Adverse health effects would be dependent upon individual suscep

tibility, age, and nutritional status. Arsenic is a natural constituent

of many foods: seafood, pork, liver, and salt may contain exceptionally

high levels of arsenic. Therefore, persons whose diet is high in these

foods and who live within the exposure area of the Gould site run a

greater risk of developing arsenic-related problems than those with

similar diets living outside the exposure area. Young persons may be

considered at greater risk than adults because children consume more per

unit of body weight than do adul ts. Thus, children residing in the

8-4
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exposure area are at greater risk than their cohorts living outside the

exposure area. Moreover, smokers are at increased risk because of the

high .arsenic content of tobacco smoke (Doull, et al. 1980; u.s. EPA

1983b) •

8.2.1.3 Cadmium

The principal organs affected by cadmium exposure are the lungs and

kidneys. The respiratory symptoms of exposure largely mimic emphysema.

The kidney symptoms include increased proteinuria (urine protein).

Acute exposure to cadmium via inhalation results in local irritation of

the respiratory tract, chest pains, nausea, and dizziness.

The usual sources of cadmium exposure for the general population

include food products and tobacco smoke. The foods that accumulate high

concentrations are shellfish, liver, and kidney. Dietary intake of

these foods among smokers who live in the exposure area puts them at

greater risk than cohorts living outside the exposure area. Those

living inside the exposure area may exceed the normal cadmium body bur

den of 30 milligrams per 70 kilograms of body weight. The normal body

burden is based oro. an average daily intake of about 0.1 milligrams

(Doull, et al. 1980).

8.2.1.4 Chromium

The toxicity of chromium is related to the type of chromium

involved.

Short-term exposure to chromates may cause severe tissue irrita

tion. If ingested, chromates may cause stomach and kidney problems.

Long-term exposure may cause tissue ulceration, liver damage and skin

rash. An increased i~cidence of lung cancer has been detected in per

sons exposed to chromates. The dusts of chromium metal and its insolu

able salts are considered to be relatively nontoxic (Occupational Health

Guidelines for Chemic3~ ~azards, NIOSH). Chromates are absorbed through

the lungs. Dichromates 3re readily absorbed through the skin.

Trivalent chromi~~ ~3 ~ot metabolized to the hexavalent state and,

thus, is not absorbed ~:1 ':he hexavalent state. It probably does not
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pose a significant problem •

The normal body burden of chromium is less than 6 milligrams per 70

kilograms of body weight and is based on an average daily intake of 0.06

milligrams (Doull, et ale 1980). The usual exposure to chromium occurs

through diet. Brown sugar, animal fats, and butter are high in chromium

content. Intake of these foods, along with exposures to onsite chro

mium, may result in a body burden of chromium in excess of the normal.

Children would be more adversely affected because of greater consumption

of water per kilogram of body weight (U.S. EPA 1984).

8.2.1.5 Lead

The toxicity of lead will depend on the form in which it is

encountered ~ inorganic lead or organic lead. The primary symptoms of

exposure to inorganic lead are dullness, restlessness, irritability,

headache, muscular tremor, defective muscular coordination and loss of

memory. These symptoms may progress to convulsions, coma and death •

Residual damage may include epilepsy, hydrocephalus, and idiocy. The

central nervous system is most generally affected by exposure to organic

lead compounds. Symptoms may include hallucinations, delusions, and

excitement. Ingested lead is usually only 5 to 10 percent absorbed and

the balance is excreted in the feces ~ however, 35 to 50 percent of

inhaled lead enters the blood.

When large quantities of lead enter the body over a short period of

time, the lead is distributed throughout and causes symptoms of acute

poisoning (stupor, coma, death). Symptoms of chronic exposure include

cramps, dizziness, weakness, insomnia, diarrhea and loss of appetite.

Since lead is excreted in urine, feces, and to a lesser degree, in

the hair and is measured as lead, metabolism plays a small role in

detoxification. However, there may be cellular or enzymatic changes

which are indicative of impending lead intoxication •

The normal body burden of lead is 120 milligrams per 70 kilograms

of body weight and is based on an average daily intake of 0.3 milligrams

(Doull, et ale 1980). In the general population the major hazard is for
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young children who chew lead-containing paint and eat lead-laden dust •

Children are at greater risk because of greater absorption of dietary

lead than that which occurs in adults.

8 • 2 .1. 6 Zinc

Zinc plays an important role in human enzymes and enzymatic func

tions, protein synthesis, and carbohydrate metabolism.

Exposure to zinc oxide fumes may cause metal fume fever, a nauseous

condition with attendant high fever. The condition is temporary and

totally reversible. Zinc is stored in the liver, red blood cells and

bone. Zinc is eliminated principally by the gastrointestional tract.

The more likely human response associated with zinc is a deficient con

dition rather than a toxic condition.

8.2.2 Exposure to Contaminated Areas

8.2.2.1 Review of Pathways of Contamination

The metals of concern discussed in- Section 3.1 -may enter the body

through ingestion and inhalation and, to a lesser degree, by contact.

These metals have been identified in the ground water, surface water,

surface soil, subsurface soil, and in pond sediments. The potential for

inhalation of the contaminants is almost exclusively via airborne dust

during hot, dry, and windy days. The potential for ingestion is almost

exclusively via consumption of water. These means of exposure will

exacerbate symptoms attributable to dietary and other "natural" expo-

sures.

8.2.2.2 Physiological Incorporation of the Contaminant

Arsenic, cadmium, chromium, lead, and zinc are incorporated into

the body through absorption into the bloodstream from the lungs and

gastrointestinal tract. However, the specific sites of absorption and

metabolic fate of eac~ ~etal is different •

Arsenic is absorbed into the blood from both the lungs and the

gastrointestinal tract. Arsenate compounds are rapidly excreted by the
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kidneys and probably do not accumulate in tissues. Arsenites accumulate

in liver, muscles, hair, nails, and skin. Excretion is via the bile

(Doull, et ale 1980: 0.5. EPA 1983b).

Cadmium is poorly absorbed from the gastrointestinal tract, but

deficiencies in calcium, iron, and protein can enhance cadmium absorp

tion.

Chromates are absorbed rapidly from the lungs while trivalent chro

mium is poorly absorbed from the gastrointestinal tract. Onder normal

conditions chromium is stored in the skin, lungs, muscle, and fat.

Chromium is primarily excreted in urine (Doull, et ale 1980).

Lead is absorbed through the gastrointestinal tract and through the

lungs. Absorption from the gastrointestinal tract is enhanced by

dietary deficiency in calcium, iron, fats, and proteins. Lead is stored

in bone but will be reabsorbed into the blood when exposure ceases.

Excretion is via urine and the bile (Doull, et ale 1980).

Zinc is absorbed through the gastrointestinal tract and through the

lungs. Not all the zinc in the diet is absorbed. The liver, kidney,

pancreas, and muscle are the primary storage locations for zinc.

Excretion is largely through the gastrointestinal tract (Doull, et ale

1980). Zinc deficiency presents a greater health problem than excessive

exposure.

8.2.2.3 Applicability to Gould Site

As mentioned at the outset of Section 8.2, this discussion is a

general summary.of possible human health effects from site contaminants.

This subject will be fully addressed in the Feasibility Study Risk

Assessment.
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8.3 ENVIRONMENTAL IMPACTS

8.3.1 Onsite Environmental Impacts

Environmental impacts to air, water, soil, and biota have occurred

on site as a result of past industrial processes and subsequent con

tamination. This section presents a review of the onsite environmental

damage that has been identified through the studies undertaken for the

remedial investigation.

The major onsite environmental impact to air quality results from

increased levels of airborne, lead-containing particulate material as a

result of wind acting on battery piles. Air monitoring results showed

that monthly and quarterly average airborne lead values at the site are

typically less than 1/2 to 1/3, respectively, of the allowable federal

and state air standards, as long as there are no site activities. The

primary source of airborne lead stems from entrainment of small par

ticles by the wind blowing over the piles during dry periods. Small

particles (~ 10 micrometers) can be particularly dangerous to humans

since they pass through the filtering mechanisms of the upper "respira

tory tract and enter the lungs. Means of minimizing this impact would

include the use of dust suppressants, water sprays, or wind screens

during cleanup activities.

Onsite environmental impacts to water include contamination of the

ground water, primarily with lead and zinc, as a result of industrial

processes and unconfined storage of battery casings. Also, sulfuric

acid derived from the crushed batteries has caused the pH of the ground

water to be quite low (pH <4) at the piles. Low pH tends to increase

the solubility of lead in water. The pH gradually increases away from

the piles due to the buffering effect of natural soil minerals. Thus,

dissolved lead contamination decreases as ground water moves toward the

site boundaries.

Onsite environmental impacts to soil include contamina~ion of the

fill material with lead, arsenic, cadmium, chromium, zinc, and sUlfates.

Of the 39 subsurface fill samples collected and analyzed, all showed
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statistical background (Section 4.2.4.3). Samples from areas of battery

casing fragments are most highly contaminated with lead. Samples from

the alluvium underlying the fill indicate some minor contamination. No

samples were collected and chemically analyzed from the basalt layer,

but it· is not expected to be contaminated due to its depth below the

fill material.

The major environmental impact to biota has been the fl.lling of

Doane Lake and subsequent elimination of aquatic habitat. Natural

sources and drainages were altered or eliminated as a result of this

filling. Natural shoreline vegetation was eliminated and replaced with

species providing lower quality habitat (e.g., blackberries); in some

cases the shoreline remained barren of vegetation. Crushed battery

casings used as fill or stored adjacent to the east Doane Lake remnant

shoreline have also resulted in contamination of the water column and

surficial sediments with various metals, primarily lead•

8.3.2 Off-site Environmental Impacts

Environmental impacts to off-site areas can result from the move

ment of contaminants through ground water or surface runoff, dust par

ticles in the air, or transfer by animals. This section reviews the

off-site environmental damage likely to have occurred. It is based on

the results obtained from studies conducted for the remedial investiga

tion, as well as existing information of contaminant transport proc-

esses.

Off-site environmental impacts to air quality can result from the

transport of contaminant-laden particles by wind. Based on the results

described in Section 5.0, likely off-site impacts include the airborne

transport and deposition of lead-laden particles during dry, Windy

periods or during cleanup and removal of the battery casing piles and

matte areas. The use of dust suppressants, water sprays, or wind

screens could minimize cE:-site impacts from these events ••• Off-site

movement of

envLronmeota I impacts to water quality can result from

site ccr.~am~~ants through ground water, overflow runoff
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from the east Doane Lake remnant during high water periods, and precipi

tation runoff. The volume of water carried by the Willamette is such

that site runoff is rapidly diluted downstream of the outfall. Inputs

of heavy metal contaminants to the Willamette River from other sources

exist in the river's lowest reach. These sources add to the contaminant

load of" the river. Based on the results presented in Section 4.3,

likely off-site impacts as a result of overflow runoff from the east

Doane "Lake remnant to the Willamette River include an incremental

increase in heavy metal pollution to the river.

Ground-water movement could transport contaminants (primarily lead)

to off-site areas. As discussed in Section 8.3.1, increased pH levels

(up to pH 11) of the ground water near the site boundaries decreases the

amount of dissolved lead carried by the ground water.

Off-site impacts to soil, based on the results discussed in Section

4.2, are probably minimal. Use of onsite surficial soils as off-site

fill material (either in the past or future) could result in contamina

tion in the area where the fill is placed. Removal of contaminated,

onsite fill during cleanup activiti"es would transfer the contamination

to the disposal site.

Off-site environmental impacts to biota could result from the

transport of contaminants through food chains and bioaccumulation. Bird

species feeding on site probably ~~gest contaminants from site vegeta

tion or aquatic insects inhabiting the Doane Lake remnants. These con

taminants could be transferred to organisms inhabiting off-site areas

through predation or scavenging. The accumulation of site contaminants

in the surficial sediments of the willamette River as a result of site

runoff poses some degree of risk to aquatic species in the Willamette

River.
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10.0 GLOSSARY

Adsorption: The attraction of adhesion of a layer of ions from an

aqueous solution to the solid mineral surfaces with which it is in

contact.

Advection: The process by which solutes are transported by the motion

of flowing ground water.

Acid: Any chemical compound containing hydrogen capable of being

replaced by positive elements or radicals to form salts. In terms

of the dissociation theory, it is a compound which, on disso

ciation in solution, yields excess hydrogen ions. Acids lower the

pH. Examples of acids or acidic substances are hydrochloric acid,

tannic acid, and sodium acid pyrophosphate.

Alkaline: Any of various soluble mineral salts found in natural water

and arid soils having a pH greater than 7. In water analysis, it

represents the carbonates, bicarbonates, hydroxides, and occa

sionaliy the borates, silicates, and phosphates in the water.

Alluvium: A general term for all detrital deposits (clay, silt, sand,

gravel, or similar unconsolidated material) reSUlting from the

operations of modern rivers, thus including the sediments laid down

in river beds, flood plains, lakes, fans at the foot of mountain

slopes, and estuaries.

Anion: A negatively charged ion that migrates to an anode, as in

electrolysis.

Anion exchange: Ion exchange process in which anions in solution are

exchanged for other anions from an ion exchanger.

Anisotropic: Showing different physical properties with regard to

transmission (in this case) of ground water between the vertical

and horizontal directions.

Annulus: The space between the drill string or casing and the wall of

the borehole or outer casing.
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Antecedent moisture: The soil moisture present before a particular pre

cipitation event.

Aquiclude: A saturated, but poorly permeable bed, formation, or group of

formations that does not yield water freely to a well or spring.

However, an aquiclude may transmit appreciable water to or from

adjacent aquifers.

Aquifer: A formation, group of formations, or part of a formation that

contains sufficient saturated permeable material to yield economi

cal quantities of water to wells and springs.

Aquifer, confined: An aquifer that is overlain by a confining bed. The

confining bed has a significantly lower hydraulic conductivity than

the aquifer.

Aquifer, unconfined: An aquifer in which there are no confining beds

between the zone of saturation and the surface. There will be a

water table in an unconfined aquifer. Water-table aquifer is a

synonym.

Aquifer test: A test involving the withdrawal of measured quantities of

water from or addition of water to, a well and the measurement of

resulting changes in head in the aquifer both during and after the

period of discharge ,or addition.

Aquitard: A geologic formation, group of formations, or part of a for

mation through which virtually no water moves.

Artifical recharge: Recharge at a rate greater than natural, reSUlting

from deliberate actions of man.

Atterburg Limits: a collective term including liquid limit, plastic

limit, and plasticity index.

Bar: A mass of sand, gravel, or alluvium deposited on the bed of a

stream, sea, or lake, or at the mouth of a stream.

Barrier boundary: An aquifer-system boundary represented by a rock mass

that is not a source of water.
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Base exchange: The displacement of a cation bound to a site on the sur

face of a solid, as in silica-alumina clay-mineral packets, by a

~3tion in solution.

Baseflow: That part of stream discharge derived from ground water

seeping into the system.

Baseflow recession: The declining rate of discharge of a stream fed

only by baseflow for an extended period. Typically, a baseflow

recession will be exponential.

Baseflow-recession hydrograph: A hydrograph that shows a baseflow-

recession curve.

Bentonite: A colloidal clay, largely made up of the mineral sodium

montmorillonite, a hydrated aluminum silicate.

Bioassay: A method used to determine the toxicity of specific con

taminants. A number of individuals of a sensitive species are

placed in water containing varying concentrations of the con

taminant for a specified period of time.

Bridge: An obstruction in the drill hole or annulus. A bridge is

usually formed by caving of the wall of the well bore, by the

intrusion of a large boulder, or by fiiterpack materials during

well completion. Bridging can also occur in the formation during

well development.

Capillary forces: The forces acting on soil moisture in the unsaturated

zone, attributable to molecular attraction between soil particles

and water.

Capillary fringe: The zone immediately above the water table, where

water is drawn upward by capillary attraction.

Cation: An ion having a positive charge and, in electrolytes, charac

teristically moving toward a negative electrode.

Cation exchange: Ion exchange process in which cations in solution are

exchanged for other cations from an ion exchanger.

10-3

scoEPA00004320



•

•

••

Chemical activity: The molal concentration of an ion mUltiplied by a

factor known as the activity coefficient.

Common ion effect: The decrease in the solubility of a salt dissolved

in water already containing some of the ions of the salt.

Cone of depression: A depression in the ground-water table or poten

tiometric surface that has the shape of an inverted cone and deve

lops around a well from which water is being withdrawn. It defines

the area of influence of a well.

Contaminant: Any solute that enters the hydrologic cycle through human

action.

Darcy's law: A derived equation for the flow of fluids on the assump

tion that the flow is laminar and that inertia can be neglected.

Density: Mass per unit volume expressed in pounds per gallon (lb/gal),

pounds per cubic ft (lb/ft'), and kilogram per cubic m (kg/m').

Depression-storage: Water from precipitation which collects in puddles

at the land surface.

Development: The act of repairing damage to the formation caused by

drilling procedures and increasing the porosity and permeability of

the materials surrounding the intake portion of the well.

Discharge: Rate of flow at a given instant in terms of volume per unit

of time.

Discharge area: An area in which there are upward components of

hydraulic head in the aquifer. Ground water is flowing toward the

surface in a discharge area and may escape as a spring, seep, or

baseflow, or by evaporation and transpiration.

Discharge velocity: An apparent velocity, calculated from Darcy's law,

which represents the flow rate at which water would move through an

aquifer if the aquifer were an open conduit. Also called specific

discharge.
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Dispersion: The spreading and mixing of chemical constituents in ground

water caused by diffusion and mixing due to microscopic variations

in velocities within and between pores.

Dissociation: A chemical process that causes a molecule to split into

simpler groups of atoms, single atoms, or ions. For example, the

water molecule (H20) breaks down spontaneously into H+ and OH- ions.

Drawdown: A lowering of the water table of an unconfined aquifer or the

potentiometeric surface of a confined aquifer caused by pumping of

ground water from wells.

Drilling fluid: A water- or air-based fluid used in the water-well

drilling operation to remove cuttings from the hole, to clean and

cool the bit, to reduce friction between the drill string and the

sides of the hole, and to seal the borehole.

Duration curve: A graph showing the percentage of time that the given

flows of a stream will be equaled or exceeded. It is based upon a

statistical study of historic streamflow records.

Effective porosity: The amount of interconnected pore space through

which fluids can pass, expressed as a percent of bulk volume. Part

of the total porosity will be occupiej by static fluid being held

to the mineral surface by surface tension, so effective porosity

will be less than total porosity.

Effluent: A waste liquid discharge from a manufacturing or treatment

process, in its natural state or partially or completely treated,

that discharges into the environment.

Electrical conductance: A measure of the ease with which conducting

current can be caused to flow through a material under the

influence of an applied electric field. It is the reciprocal of

resistivity and is ~easured in mhos per foot (meter).
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Electrolyte: A chemical which dissociates into positive and negative

ions when dissolved in water, increasing the electrical conduc

tivity.

Equilibrium constant: The number defining the conditions of equilibrium

for a particular reversible chemical reaction.

Equipotential line: A line in a two-dimensional ground-water flow field

such that the total hydraulic head is the same for all points along

the line.

Equipotential surface: A surface in a three-dimensional ground-water

flow field such that the total hydraulic head is the same

everywhere on the surface.

Equivalent weight: The concentration in part per million of a solute

mUltiplied by the valence charge and then divided by its formula

weight in grams •

Field capacity: The maximum amount of water that the unsaturated zone

of a soil can hold against the pUll of gravity. The field capacity

is dependent on the length of time the soil has been undergoing

gravity drainage.

Flow net: The set of i~tersecting equipotential lines and flowlines

representing two-dimensional steady flow through porous media.

Flow, steady: The flow that occurs when, at any point in the flow

field, the magnitude and direction of the specific discharge are

constant in time.

Flow, unsteady: The flow that occurs when, at any point in the flow

field, the magnitude or direction of the specific discharges

changes with time. Also called transient flow or nonsteady flow.

Fluid potential: The mechanical energy per unit mass of fluid at any

given point in space and time .
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Fluvial: Of or pertaining to a river or rivers1 produced by the action

or a stream or river--the term is used by geologists especially in

regard to river flow and river action.

Free energy: A measure of the thermodynamic driving energy of a chemi

cal reaction. Also known as Gibbs free energy or Gibbs function.

Frenchman Springs: A stratigraphic division (Member) of the Columbia

River Basalt Group. The basalt under the stUdy area is thought to

belong to the Frenchman Springs.

Ground water: The water contained in interconnected pores located below

the water table in an unconfined aquifer or located in a confined

aquifer.

Ground-water flow: The movement of water through openings in sediment

and rock which occurs in the zone of saturation.

Hardness: A measure of the amount of calcium, magnesium, and iron

dissolved in the water.

Head loss: The part of head energy which is lost because of friction as

water flows.

Head, total: The sum of the elevation head, the pressure head, and the

velocity head at a give point in an aquifer.

Heterogeneous: Pertaining to a substance having different charac

teristics everywhere. A synonym is nonuniform.

Homogeneous: Pertaining to a substance having identical characteristics

everYWhere. A synonym is uniform.

Horizontal permeability: Hydraulic conductivity in a horizontal direc

tion.

Hvorslev's equation: An equation for the calculation of in-situ

horizontal permeabilities.

Hydration: The act by which a substance takes up water by absorption

and/or adsorption.
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Hydraulic conductivity: The rate of water flow, in gallons per day,

through a one square foot cross-section of a permeable medium under

a unit hydraulic gradient. The density and kinematic viscosity of

the water must be considered in determining hydraulic

conductivity.

Hydraulic gradient: The change in total head with a change in distance

in a given direction. The direction is that which yields a maximum

rate of decrease in head.

Hydrochemical facies: Bodies of water with separate, but distinct,

chemical compositions contained in an aquifer.

Hydrodynamic dispersion: The process by which ground water containing a

solute is diluted with uncontaminated ground water as it moves

through an aquifer.

Hydrogeologic: Those factors the deal with subsurface waters and

related geologic aspects of surface waters.

Hydrograph: A graph that shows some property of ground water or surface

water as a function of time.

Hydrologic equation: An expression of the law of mass conservation for

purposes of water budgets. It may be stated as inflow equals

outflow plus or minus changes in storage.

Hydrometer: Indicates the method of determining percent of particle

size smaller than 53 microns (#270 sieve size).

aydrostratigraphic unit: A formation, part of a formation, or a group

of formations in which there are similar hydrologic characteristics

allowing for grouping into aquifers or confining layers.

Hygroscopic water: Water that clings to the surfaces of mineral par

ticles in the zone of aeration.

Infiltration: The flow of water downward from the land surface into and

through the upper soil layers.
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Infiltration ~apacity: The maximum rate at which infiltration can occur

under specific conditions of soil moisture. For a given soil, the

infiltration capacity is a function of the water content.

Injection well: A well drilled and constructed in such a manner that

water" can be pumped into an aquifer in order to recharge it.

Interflow: The lateral movement of water in the unsaturated zone during

and immediately after a precipitation event. The water moving as

interflow discharges directly into a stream or lake.

Intermediate zone: That part of the unsaturated zone below the root

zone and above the capillary fringe.

Intrinsic permeability: Pertaining to the relative ease with which a

porous medium can transmit a liquid under a hydraulic or potential

gradient. It is a property of the porous medium and is independent

of the nature of the liqUid or the potential field.

Ion: An element or compound that has gained or lost an electron, so

that it is no longer neutral electrically, but carries a charge.

Ion exchange: A process by which an ion in a mineral lattice is

replaced by another ion which was present in an aqueous solution.

Isocon: A line drawn on a map "~ indicate equal concentrations of a

solute in ground water.

Isohyetal line: A line drawn on a map, all points along which receive

equal amounts of precipitation.

Isotropic: Having the same properties the same in all directions.

Laminar flow: That type of flow in which the fluid particles follow

paths that are smooth, straight, and parallel to the channel walls.

In laminar flow, the viscosity of the fluid damps out turbulent

motion. Compare to turbulent flow.
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Law of mass action: The law stating that for a reversible chemical

reaction the rate of reaction is proportional to the concentrations

of the reactants.

Leachate: The liquid that has percolated through solid waste and

dissolved soluble components.

Leaky confining layer: A low-permeability layer that can transmit water

at sufficient rates to furnish some recharge to a well pumping from

an underlying aquifer. Also called aquitard.

Lense: Discontinuous layer that is relatively thick in the center and

tapers at each end and disappears.

Liquid Limit: The moisture content of a soil at the point of transi

tion between the plastic and semiliquid states.

Metamorphic rocks: Any rock derived from pre-existing rocks by minera

lological, chemical, and/or structural changes, essentially in the

solid state, ~n response to marked changes in temperature,

pressure, shearing stress, and chemical environment, generally at

depth in the Earth's crust.

Molality: A measure of chemical concentration. A one-molal solution

has one mole of solute dissolved in 1,000 grams of water. One mole

of a compound is its formula weight in grams.

Molecular diffusion: Dispersion of a chemical caused by the kinetic

activity of the ionic of molecular constituents.

Molecule: A stable configuration of atomic nuclei and electrons bound

together by electrostatic and electromagnetic forces. It is the

simplest structural unit that displays the characteristic physical

and chemical properties of a compound.

Naturally developed wel:: A well in which the screen is placed in

direct contact wit~ ~~e aquifer materials; no filter pack is used •
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Nominal: Used to describe standard sizes for pipe from 1/8 inch to 12

inch (3.2 rom to 305 rom). The nominal size is specified on the

basis of the inside diameter. Depending on the wall thickness, the

inside diameter may be less than or greater than the number indi

cated.

Observation well: A well drilled in a selected location for the purpose

of observing parameters such as water levels and pressure changes.

Overland flow: The flow of water over a land surface due to direct pre

cipitation. Overland flow generally occurs when the precipitation

rate exceeds the infiltration capacity of the soil and depression

storage is fUll.

Oxidation: The combining of element with oxygen.

Perched water: Unconfined ground water separated from an underlying

main body of ground water by an unsaturated zone.

Percolate: The act of water seeping or filtering through the soil

without a definite channel.

Permeability: The property or capacity of porous rock, sediment, or

soil for transmitting a fluid~ it is A measure of the relative ease

of fluid flow under, unequal pressure.

pH: A measure of the acidity or alkalinity of a solution, numerically

equal to 7 for neutral solutions, increasing with increasing alka

linity and decreasing with increasing acidity. Originally stood for

the words potential of hydrogen.

Phreatic water: Water in the zone of saturation.

Piezometer: A nonpumping well, generally of small diameter, which is

used to measure the elevation of the water table or potentiometric

surface. A piezometer generally has a short well screen through

which water can enter.

Piezometer nest: A set of two or more piezometers set close to each

other but screened to different depths.
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Plastic limit: The water content of a soil at the point of transition

between the semisolid and plastic states.

Plasticity index: The percent difference between moisture content of a

soil at the liquid and plastic limits.

Pleistocene: The earlier of the two epochs comprising the Quaternary

Period. Some geologists use Quaternary and Pleistocene synonymous,

implying that the glacial age is still with us.

Polymer: A substance formed by the union of two or more molecules of

the same kind linked end to end into another compound having the

same elements in the same porportion but a higher moleCUlar weight

and different physical properties.

Pore space: The volume between mineral grains in a porous medium.

Porosity: The ratio of the volume of void spaces in a rock or sediment

to the total volume of the rock or sediment.

Potentiometric surface: A surface that represents the level to which

water will rise in tightly cased wells. If the head varies signi

ficantly with depth in the aquifer, then there may be more than one

potentiometric surface. The water table is a particUlar poten

tiometric surface for an unconfined aquifer.

Pumping cone: The area around a discharging well where the hydraulic

head in the aquifer has been lowered by pumping. Also called cone

of depression.

Pumping test: A test made by pumping a well for a period of time and

observing the change in hydraulic head in the aquifer. A pumping

test may be used to determine the capacity of the well and the

hydraulic characteristics of the aquifer. Also called aquifer test.

Radial flow: The flow of water in a aquifer toward a vertically oriented

well.
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Radius of influence: The radial distance from the center of a well bore

to the point where there is no lowering of the water table or

potentiometric surface (the edge of its cone of depression).

Recharge: The addition of water to the zone of saturation~ also, the

amount of water added.

Recharge basin: A basin or pit excavated to provide a means of allowing

water to soak into the ground at rates exceeding those that would

occur naturally.

Recharge boundary: An aquifer system boundary that adds water to the

aquifer. Streams and lakes are typical recharge boundaries.

Recovery: The rise in water level in pumping well and nearby obser

vation wells after ground-water discharge has ceased.

Redox: A chemical reaction in which an atom or molecule loses electrons

to another atom or molecule. Also called oxidation-reduction.

Oxidation is the loss of electrons~ reduction is the gain in

electrons.

Residual drawdown: The difference between the original static water

level and the depth to water at a given instant during the recovery

period.

Runoff: The total amount of water flowing in a stream. It includes

overland flow, return flow, interflow, and baseflow.

Saturated zone: The zone in which the voids in the rock or soil are

filled with water at a pressure greater than atmospheric. The

water table is the top of the saturated zone in an unconfined

aquifer.

Seepage velocity: The actual rate of movement of fluid particles

through porous media.
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Sieve analysis: Determination of the particle-size distribution of a

soil, sediment, or rock by measuring the percentage of the par

ticles that will pass through standard sieves of various sizes.

Slug test: An auqifer test made by either pouring a small instantaneous

charge of water into a well or by withdrawing a slug of water from

the well.

Soil moisture: The water contained in the unsaturated zone.

Solubility product: The equilibrium constant that describes a solution

of a slightly soluble salt in water.

Specific capacity: The rate of discharge of a water well per unit of

drawdown, commonly expressed in gpm/ft or mt/day/m. It varies with

duration of discharge.

Specific electrical conductance: The ability of water to transmit an

electrical current. It is related to the concentration and charge

of ions present in the water.

Specific gravity: The weight of a particular volume of any substance

compared to the weight of an equal volume of water at a reference

temperature.

Specific weight: The weight of a substance per unit volume. The units

are newtons per cubic meter.

Specific yield: The ratio of the volume of water that is given mass of

saturated rock or soil will yield by gravity to the volume of that

mass. This ratio stated as a percentage.

Stagnation point: A place in a ground-water flow field at which the

ground water is not moving. The magnitude of vectors of hydraulic

head in the point are equal but opposite in direction.

Static water level: The level of water in a well that is not being

affected by withdrawal of ground water.
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Storage, specific: The amount of water released from or taken into

storage per.unit volume of a porous medium per unit change in head.

Storativity: The volume of water an aquifer releases from or takes into

storage per unit surface area of the aquifer per unit change in

head. It is equal to the product of specific storage and aquifer

thickness. In an unconfined aquifer, the storativity is equivalent

to the specific yield. Also called storage coefficient.

Storm hydrograph: A graph of the discharge of a stream over the time

period when, in addition to direct precipitation, overland flow,

interflow, and return flow are adding to the flow of the stream.

The storm hydrograph will peak due to the addition of these flow

elements.•

Stream, gaining: A stream or reach of a steam, the flow of which is

being increased by inflow of·ground water. Also known as an

effluent stream.

Stream, losing: A stream or reach of a stream that is losing water by

seepage into the ground. Also known as an influent stream.

Stringer: Thin, usually irregular masses of material interbedded or

interdispersed within larger masses (~.e., flows or irregular-thin

deposits).

Throughflow: The lateral movement of water in an unsaturated zone

during and immediately after a precipitation event. The water from

throughflow seeps out at the base of slopes and then flows across

the ground su~face as return flow, ultimately reaching a stream or

lake.

Total dissolved solids (TDS): A term that expresses the quantity of

dissolved material in a sample of water, either the residue on eva

poration, dried at JS6°F (180°C), or, for many waters that contain

more than about 1,000 ~g/l, the sum of the chemical constituents.
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Transmissity: The rate at which water of a prevailing density and

viscosity is transmitted through a unit width of an aquifer or con

fining bed under a unit hydraulic gradient. It is a function of

properties of the liquid, the porous media, and the thickness of

the porous media.

Transpiration: . The process by which water absorbed by plants, usually

through the roots, is evaporated into the atmosphere from the plant

surface.

Turbidity: Cloudiness in water due to suspended and colloidal organic

and inorganic material.

Turbulent flow: That type of flow in which the fluid particles move

along very irregular paths. Momentum can be exchanged between one

portion of the fluid and another.

Uniformity coefficient: A numerical expression of the variety in par

ticle sizes in mixed natural soils, defined as the ratio of the

sieve size o~ which 40 pe~cent (by weight) of the material is

retained to' the sieve size on which 90 percent of the material is

retained.

Unsaturated zone: The zone between the land surface and the water table.

It includes the root zone, intermediate zone, and capillary fringe.

The pore spaces contain water at less than atmospheric pressure, as

well as air and other gases. Saturated bodies, such as perched

ground water, may exist in the unsaturated zone. Also called the

vadose zone.

Vadose water: Water in the zone of aeration.

Vertical permeability: Hydraulic conductivity in a vertical direction.

Viscosity: The property of a fluid describing it resistance to flow.

Units of viscosity are newton-seconds per meter squared or pascal

seconds.
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Water content: The ratio of the volume of soil moisture to the total

volume of the soil. This is the volumetric water content, also

called volume wetness.

Water table: The surface in an unconfined aquifer or confining bed at

which the pore water pressure is atmospheric.

Weathering: The in-situ physical disintegration and chemical decom

position of rock materials at or near the Earth's surface.

Well, fully penetrating: A well drilled to the bottom of an aquifer,

constructed in such a way that it withdraws water from the entire

thickness of the aquifer.

Well interference: The result of two or more pumping wells, the

drawdown cones of which intercept. At a given location, the total

well interference is the sum of the drawdowns due to each indivi

dual well.

Well, partially penetrating: A well constructed in such a w~y th~t is

draws water directly from a fractional part of the total thickness

of the aquifer. The fractional part may be located at the top or

the bottom or any where in between the aquifer.

Well screen: A filtering, device used to keep sediment from entering a

water well.

Well yield: The volume of water discharged from a well in gallons per

minute or cubic meters per day •
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Section 1.0 of the report contains introductory material to allow
the reader to become familiar with site contaminants and the history of
site operations and regulatory interactions. A statement of the objec
tives of remedial action at the Gould site is also presented.

Section 2.0 identifies and screens the remedial technologies poten
tially applicable to the site. The screening criteria and methodology
are discussed and general response actions are presented. The section
ends with a summary of the applicable technologies.

Section 3.0 outlines the combination of technologies into prelimi
nary remedial alternatives. The criteria for screening these prelimi
nary remedial alternatives are discussed and subsequently used to reduce
the number of alternatives to seven, which are evaluated in detail in
subsequent sections.

Section 4.0 contains a detailed description of the features of each
of the Final Candidate Alternatives developed in Section 3.0.

Section 5.0 presents the results of several engineering studies
that were performed to evaluate the applicability of certain tech
nologies to site problems.

Section.6.0·presents the detailed evaluation of the final candidate
alternatives. The evaluation factors are presented, as well as the
results of the evaluation for effectiveness, implementability, and cost.
The results of the endangerment assessment are also summarized for each
alternative.

Section 7.0 summarizes the remedial alternatives and recommends a
single alternative, based on the results of the detailed evaluation.

Section 8.0 identifies references and source documents used in pre
paring the Feasibility Study.

Appendices to this report include:

••

Appendix A
Appendix B
Appendix C
Appendix 0
Appendix E

- Endangerment Assessment
- Engineering Studies
- Breakdown of Capital and Operating Costs
- Correspondence
- Air Monitoring During the FS
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1.2 SITE BACKGROUND INFORMATION

1.2.1 Site Location and Description

Gould site is located in the Doane Lake area of Portland between
N.W. St. Helens Road and N.W. Front Avenue, about 1.3 miles southeast of
St. John's Bridge. As shown on Figure 1.2-1 (General Vicinity Map), the
Willamette River lies about 1,000 feet to the northeast and flows north
west, parallel to Front Avenue. The area is heavily industrialized.
The Gould property encompasses 9.2 acres and is only a portion of the
60-acre study area, as shown on Figure 1.2-2 (Study Area Locatioh Map).

The study area encompasses all of the former (1949) areal extent of

Doane Lake. Although it is roughly bounded on the southwest by N.W. St.
Helens Road, on the northeast by N.W. Front Avenue, on the southeast by
6lst Street, and on the west and northwest by the Burlington Northern
railroad right-of-way, the study area was not entirely confined to these
boundaries. Industrial properties adjacent to Gould that lie wholly or
partly wi thin the study area include American Steel Industries, Inc.:
ESCO Corporation: Rhone-Poulenc Inc.: Northwest Equipment Rentals, Inc.
(formerly Atlas Wrecking, leased from Rhone-Poulenc): Schnitzer Invest
ment Corporation, Liquid Air Corporation (leased from Schnitzer): and
Pennwalt Corporation.

1.2.2 History, Operation, and Regulatory Action

Available aerial photographs taken since 1936, and topographic
mapping as early as 1884, indicate that the study area now occupied by
Gould property and adjacent industries was formed by gradual and inter
mittent filling of a fairly large body of shallow water known as Doane
Lake (Figure 1.2-3).

Prior to development (as indicate~ by aerial photographs taken in
1936 and 1940) the brush- and grass-covered landfill on the Gould site
extended into and rose a few feet abov~ Doane Lake. An aerial photo
graph taken on June 1, 1948, shows the presently existing railroad spur
comil.· onto the western edge of the plant site. The secondary lead
smelting facility was completed and went into operation in 1949 under
the ownership of Morris P. Kirk and Sons (Kirk & Sons), a subsidiary of
NL Industries, Inc. At that time, a significant portion of the site was
still occupied by Doane Lake. Subsequent expansion consisted of a ware
house constructed in 1950 and a lead oxide building constructed in 1965.
Facility operations consisted of lead-acid battery recycling, lead
smelting and refining, zinc alloying and casting, cable sweating

1-3
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(removal of lead sheathing from copper cable), and (after 1965) lead
oxide production.

Available records from the Oregon Department of Environmental.
Quality (DEQ) for the period between February 1960 and January 1970
indicata that Kirk & Sons received 14 complaints and/or violations
regarding emissions from the facility. A January 29, 1970 report by the
Columbia-Willamette Air Pollution Authority expressed concern over
levels of lead in the vicinity of Morris P. Kirk, and the potential
threat to health caused by continued plant operations.

Nt Industries, Inc. purchased the property from the sUbsidiary in
1971. Three violations for excessive emissions were recorded in 1972.
Lead was detected in Doane Lake in 1973, and Nt Industries was cited for
improper wastewater discharge into the lake. On July 30, 1973, Nt

Industries curtailed all smelting operations, but the lead oxide still,
cable sweater, and refining kettles continued to operate. Available
records indicate that the facility operated in compliance with DEQ
guidelines during 1974 through 1976.

The property was sold by Nt Industries to Gould, Inc. in January
1979. In October of the same year, Gould stopped receiving lead-acid
batteries, but continued to process a substantial existing stockpile of
batteries. In January 1980, lead refining operations were discontinued.
Battery decasing operations ceased on April 1, 1981, lead oxide produc
tion ceased in May 1981, and the facility closed entirely in August
1981. By the sununer of 1982, most of the structures, facilities, and
equipment had been removed.

Alchem Western, Inc., began setting up equipment on the Gould pro
perty in late 1983 for the purpose of washing, separating, and
reclaiming plastic fragments and lead oxide. Battery casing fragments
were dredged from the Doane Lake remnant on the northeast portion of the
Gould site and stockpiled along the shoreline. These surface debris
piles have since remained at this location. After a brief period of
activity, Alchem Western suspended operations due to mechanical problems
(Moore 1986). Although most of the Alchem Western equipment has been
removed, some still remains on the Gould property at the date of this
report.

A historical sequence of significant events and actions related to
the battery recycling and secondary lead smelting facility is presented
in Table 1. 2-1.
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June 1, 1948

1949

1950

Feb. 4, 1960

1965

1966

TABLE 1. 2-1

CHRONOLOGICAL HISTORY OF GOULD SITE OPERATIONS

Sheet 1 of 5

Aerial photographs (no exact date) show the secondary lead
smelting site as a vacant grassy landfill projecting into
and rising only a few feet above Doane Lake. The date and
source of the pre-1936 landfill are unknown.

Aerial photograph shows railroad spur coming intc :he pro
posed plant site: No other construction is evident yet.

Secondary lead smelting facility constructed and operated
by Morris P. Kirk and Sons (Kirk & Sons). At this time,
NL Industries owned 51 percent of Morris P. Kirk (Moore
1986) •

Lead oxide building constructed by Kirk & Sons.

Complaint mentioned in Oregon Department of Environmental
Quality (DEQ) files against Kirk & Sons, regarding burning
of battery casings.

A lead oxide production facility was constructed and began
operations.

Kirk & Sons initiated a respirator program for employees:

••

April 14, 1966

July 7, 1966

Dec. 15, 1966

Jan. 24, 1967

Sept. 6, 1967

Oct. 12, 1967

The Air Quality Control Division (AQC) of the Portland
Bureau of Health recommended taking ambient air lead
samples around the Kirk & Sons facility.

The AQC observed heavy emissions of yellow dust for 10
minutes around the Kirk & Sons facility.

The AQC observed the baghouse stack emitting an opacity
reading of 2 to 3 on the Ringleman scale.

The AQC reported a 27-minute opacity violation from a 30
minute observation; grayish smoke emission from smelter
stack.

The AQC reported a 21-l/4-minute opacity violation from a
27-minute observation, white metal fumes and smoke from
the blast furnace baghouse stack. The AQC recommended a
first notice letter being sent to Kirk & Sons with steps
to prevent recurrence of emissions •

The Portland Regional Air Pollution Authority noted a 17
minute opacity violation from a 20-minute observation;
white to brown smoke from a baghouse stack.
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Oct. 13, 1967

Oct. 21, 1967

Dec. 26, 1968

March 31, 1969

Nov. 14, 1969

Jan. 29, 1970

March 16, 1970

June 17, 1970

1971

March 16, 1972

Aug. 16, 1972

TABLE 1.2-1 (Continued)

Sheet 2 of 5

The AQC observed an opacity violation from the baghouse
stack at 16:00 to 16:4S hours.

The Portland Regional Air Pollution Authority reported a
27-minute opacity violation from a 30-minute observation;
smoke from baghouse stack.

The Columbia-Willamette Air Pollution Authority reported a
30-minute violation from a 30-minute observation; smoke
and flames from lead sweat furnace stack.

The Columbia-Willamette Air Pollution Authority noted a
lS-minute violation from a lS-minute observation; smoke
from baghouse exhaust stack.

Kirk & Sons corrected baghouse emissions from melting
kettle and blast furnace.

The Columbia-willamette Air Pollution Authority calculated
lead emissions from the Kirk & Sons facility and concluded:
"It is apparent that le,:,elsof lead in the vicinity of
Morris P. Kirk can cause a definite threat to health and
should not be allowed to continue. A

The Columbia-Willamette Air Pollution Authority observed a
l6-minute violation from a 16-minute observation; yellow
particulates from lead furnace baghouse exhaust.

The Columbia-Willamette Air Pollution Authority observed a
5-minute violation from 30-minute observation; gray smoke
from stack.

Nt Industries purchased the property from their sub
sidiary, Morris P. Kirk & Sons. Also, this same year bat
tery manufactures began using plastic for casings.

The Columbia-Willamette Air Pollution Authority observed a
30-minute violation from a 30-minute observation; white
air contaminants from baghouse exhaust. Notice of viola
tion sent to NL Industries; no penalty levied.

The Columbia-willamette Air Pollution Authority noted
emissions but recorded no measurements.
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Sept. 27,- 1972

March 12, 1973

March 19, 1973

April 30, 1973

JUly 30, 1973

Nov. 6, 1974

Jan. 19, 1976

Oct. 1976

Jan. 16 &I 30,
1978

Aug. 15, 1978

Jan. 1979

Oct. 1979

Nov. 8, 1979

TABLE 1.2-1 <Continued>

Sheet 3 of 5

The Columbia-Willamette Air Pollution Authority recorded a
49-minute violation from a 60-minute observation; white
smoke from baghouse stack. Notice of violation issued, no
penalty levied.

The DEQ sampled NL facility discharge into Doane Lake;
test results indicated 9.5 and 10.3 ppm lead.

NL Industries cited for wastewater discharge to Doane
Lake.

The Columbia-Willamette Air Pollution Authority requested
that NL Industries provide a compliance schedule to
control emissions from the blast furnace before issuing a
new Air Contaminant Discharge Permit. Monitoring and
reporting provisions were also a requirement.

NL Industries curtailed all smelting operating and remo
deled the Portland facility to function as a transfer
point to ship and receive goods from Los Angeles. The
lead oxide still, cable sweater, and refining kettles con-
tinued to operate. .

Inspection by DEQ indicated that NL Industries was in
compliance with its Air Contaminant Discharge Permit.

Inspection by DEQ again indicated that NL Industries was
in compliance with its Air Contaminant Discharge Permit.

Violations for wastewater discharge by NL Industries were
corrected.

NL Industries sent two loads of acid waste to a hazardous
waste management facility in Arlington, Oregon for dispo
sal.

Doane Lake <east remnant> sampled by DEQ; test results
indicated 0.1 and 0.3 ppm lead.

Gould Inc. purchased the facility from NL Industries.

Gould stopped receiving lead-acid batteries for recycling
and concentrated on reducing their on-site stockpile.

Preliminary modeling analysis by DEQ suggested Gould may
be violating the new ambient lead standard for the lead
trailer loading operation.
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Jan. 1, 1980

Jan. 1980

March 5, 1981

April 1, 1981

April 28, 1981

May 1981

June through
Sept. 1981

JUly 10, 1981

Aug. 1981

Oct. 30, 1981

Jan. 21, 1982

Feb. 12, 1982

July 9, 1982

July 22, 1982

Aug. 1982

Sept. 24, 1982

Oct. 26, 1982

TABLE 1.2-1 (Continued)

Sheet 4 of 5

Gould began neutralizing waste acid with ammonia and
discharging it into the City sanitary sewer system.

Gould terminated lead refining operations.

CEQ issued notice to Gould of discharge violations and
creating offensive conditions. A medium-rate civil
penalty was recommended.

Gould terminated battery decasing operation.

CEQ obtained two yard-cleaning samples; EP leachate test
results indicated 280 and 4,200 ppm lead.

Gould terminated lead oxide production.

Ambient air monitoring conducted at the Gould facility by
CEQ.

CEQ sent notice to Gould of intent to assess civil
penalties.

Gould facility ceased all operations.

CEQ requested that Gould undertake a comprehensive cleanup
program.

Cames & Moore began iield work on initial monitoring
wells.

Gould sold plant equipment and buildings.

DEQ requested a cleanup program from Gould.

CEQ decided no cleanup of the Gould site was warranted by
the ground-water data received to date.

Cames ~ ~oore conducted one week of ambient air monitoring
at the Gould facility.

CEQ requested that Gould submit a schedule for removing
the ba t t e r y cases from the site and for sampling soil
and ~c~d sediments on the site.

Goul~ ~~s?cnded to DEQ request, indicating that they would
level )~d cover the battery casings.
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Dec. 3, 1982

Feb. 25, 1983

Dec. 31, 1983

Jan. 28, 1984

Aug. 30, 1985

April 1, 1986

DEQ rejected Gould's plan for covering the battery
casings.

Gould Inc. submitted a letter to EPA objecting to EPA's
Hazard Ranking System (HRS) score for the site (see
Appendix D). The score had been used by EPA. to propose
inclusion of the site on the NPL. In particular, the
Gould letter objected to the methods used :0 determine
airborne contaminant hazards at the site.

Alchem Western moved battery casing recovery equipment
to the Gould facility.

The Alchem Western equipment operated for one day before
experiencing bearing failure. Operations were discon
tinued and not reinitiated.

Gould Inc. and NL Industries signed Section 106, Adminis
tration Order on Consent for the Remedial Investigation/
Feasibility Study (RI/FS) of the facility~

Work Plan for RI/FS by Dames & Moore was approved and
site investigations began.

••

June 1, 1987 Draft RI report was submitted to agencies.

July 29, 1987 Review comments on Draft RI report received from agencies.
and Oct. 1, 1987

Nov. 16, 1987 Final RI report submitted to agencies.

Agency files reviewed: The Oregon Department· of Environmental Quality
(DEQ) and U.S. Environmental Protection Agency (EPA).
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1.2.3 Community Concerns

Relatively few community concerns have been expressed about the
Gould site, even though the site has received some media coverage. In
1983, Oregon congressional reo :esentative Les AuCoin corresponded with
DEQ abou~ the site, and DEQ held a meeting with city, county, and state
agency officials to present information about environmental concerns in
the area and to solicit comments. Through 1985, neither DEQ nor EPA
received inquiries or comments from the public or from employees working
in the area (Camp Dresser & McKee, Inc. 1985).

The low level of community involvement may result partly from the
absence of residential property nearby. In addition, the Doane Lake
area is an established industrialized section of the city, and some
segments of the community may view industrial developments as having
some degree of unavoidable environmental degradation associated with
them. In the Community Relations Plan for the site, Camp Dresser &

McKee suggested that interest in the Gould site might increase signifi
cantly if the RI/FS revealed serious environmental damage or health
hazards and if the site's condition were perceived to adversely affect
the long-term economic growth of the area.

The Community Relations Plan identified several issues of concern
to the affected community and local officials, including:

1. Ground-water Pollution. People were concerned about ground
water contamination in the area and how it might affect future
growth of the area.

2. Airborne Lead. Several agency officials indicated that high
levels of lead emissions were a primary concern and that high
levels of airborne lead could adversely affect the health of
nearby workers. Exposure to lead at the approximately 10
houses in the hills above the site was thought unlikely, but
necessary to investigate.

3. Effects on Workers' Health. Individuals were concerned about
exposure through incidental ingestion of ground water obtained
for industrial use and exposure to airborne lead.

4. Clean-up Schedule. Staff from Representative AuCoin's office
and a representative from the Oregon State Public Interest
Research Group expressed dissatisfaction that clean-up measures
had not been implemented earlier.

1-13
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5. Future Development of the Doane Lake Area. The media and local
officials expressed concern about how the current pollution
would affect or restrict future uses of the land.

6. Disposal of Dredged Materials from the River. A representative
-from the Port of Portland indicated the Port's concern about
disposing of dredged materials from the Willamette River that
might be found to contain contaminants from the site.

7. Environmental Investigation of Doane Lake Area. A represen
tative from the Association of Orego~ Industries and represen
tatives of elected officials indicated concern that DEQ's
environmental investigation in the Doane Lane area could
decrease future industrial development and jobs in the com
munity.

8. Disposal of Battery Casings. An aide to Representative AuCoin's
office expressed dissatisfaction that battery casings had not
been removed from the site. Representatives from the Portland
Department of P~lic Works cautioned that any plan to dispose
of waste materials at St. Johns' Landfill would be unpopular.

1. 3 NATURE AND EXTENT OF PROBLEM

1.3.1 Contaminants Detected

Data developed during the RI show the contaminants detected in each
of several media at the Gould site. Of primary importance is the pre
sence of lead in each of the media. Of lesser importance is the pre
sence of other metals in specific media.

In materials from certain ground-water monitoring wells, organic
constituents were identified as organic. halogenated compounds. However,
these organic halogenated compounds were also found in materials
collected from upgradient background monitoring wells at concentrations
equal to and higher than in materials from the on-site wells. This
finding is accepted as evidence for an off-site origin of the organic
contamination. No consideration has been given to remediating the
effects of these organic compounds in the FS.

1-14
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1.3.2 Extent and Migration of Contaminants

Contaminated media at the Gould site include surface soils, subsur
face soils, lake sediments, surface water, and groundwater. In addi
tion, primary source materials remain on site, including battery casings
and matte.

The quantity of surface soils, subsurface soils, and sediments con

sidered to be secondary sources were estimated by using total lead and
EP Toxicity data obtained during the RI. An effort was made to corre

late the total lead and EP Toxicity values such that total lead may be
used for estimating the amount of these secondary source materials that
would fail an EP Toxicity value of 5.0 mg/l. Such a relationship was
difficult to obtain: however, after comparing the total soil lead con
centrations to the corresponding EP Toxicity data, an assumed total soil
lead concentration of 3,000 mg/kg was estimated to be the limit below
which the EP Toxicity leachate concentration would be below 5.0 mg/l.
Samples with total lead concentrations above 3,000 mg/kg were used to
indicate secondary source areas.

The correlation used during this FS has importance only for estima
tion purposes. In practice, should an alternative be chosen which
requires cleanup of contaminated secondary source materials, the actual
EP Toxicity values of the materials would be obtained and used as indi
cators of remaining contamination.

1.3.2.1 Surface Soils, Subsurface Soils, and Sediments

The highest surface soil total lead concentrations. were detected in

samples collected on the Gould property and on the adjacent Rhone-Poulenc
property. Figure 1.3-1 shows the areas of surface soil that were iden

tified as secondary source areas using the above total lead criteria and
the following assumptions: (1) the 'depth of the secondary source
material was assumed to be I-foct; and (2) the horizontal extent of the
material was assumed to be SO-feet in any direction from the sample
locations with total lead concentration above 3,000 mg/kg. Using these
assumptions, the quantity of surface soil on the Gould property con
sidered a secondary source is approximately 2,400 cu yds. The quantity
on the Rhone-Poulenc property is approximately 970 cu yds •

The highest subsurface soil total lead concentrations were detected
in samples collected from the W-7S boring, in the battery casing
material. The total lead results for samples collected 2-feet below the
bottom of the battery casing material in W-7S indicate that the total
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lead concentration decreases to below 1,000 mg/kg (Section 4.2). Based
on this result, we assume that the 3,000 mg/kg isopleth for lead in sub
surface soil would be reached approximately 1 foot below the casings and
matte. Therefore, the subsurface soils considered secondary sources are
the soils within one foot of the bottom and sides of the battery casing
material buried on the Rhone-Poulenc and Gould properties. The horizon
tal extent of these two battery casing disposal areas is shown on Figure
1.3-2. The secondary source subsurface soils consist of the following:

1. One foot of soil below the entire area of the battery casing/
matte excavations. This would amount to 4,300 cu yds from the
area on Rhone-Poulenc property and 5,000 cu yds from the area
on the Gould property; and,

2. One foot of soil from the sides of the excavations. Assuming

average excavation depths of 20-feet on the Rhone-Poulenc pro
perty and 25-feet on the Gould property, and an excavation
side-slope ratio of 2:1, this would amount to approximately
2,170 cu yds from the Rhone-Poulenc property and 2,180 cu yds
from the Gould property.

The highest sediment total lead concentrations were detected in the
east Doane Lake remnant. The areas considered secondary sourcas are
shown on Figure 1.3-1. Based on an assumed depth of I-foot, the quan
tity of material would be approximately 5,500 cu yds.

The total quantity of soil considered secondary source material is
summarized below:

TYPE AND LOCATION QUANTITY (cu vds)

Subsurface Soil Total
Sediment
East Doane Lake R~~ant

Sediment Total
Secondary Source Total

••

Surface Soil
Gould property
Rhone-Poulenc property

Subsurface Soil
Gould property
Bottom Sides

Sub-total
Rhone-Poulenc property
Bottom Sides

Sub-total.

Surface Soil Total

2,400
970

3,370

5,000
2,180
7,180
4,300
2,170
6,470

13,650

5,500
5,500

22,520

3,370

13,650

5,500
22,520
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1.3.2.2 Battery Casings and Matte

The battery cas ings consist of hard rubber (eboni te) and plastic
casings, metallic lead and lead oxides. At various times during the
project, battery casing samples were collected from surface piles, from
surface qebris on the Gould property, and from the subsurface fill on
the Rhone-Poulenc property. From the surface piles, samples were
collected at four locations, BC-l through BC-4 (Figure 1.3-2). Three
samples were collected at each location: 1) at the surface: 2) at a
depth of 5 feet below the surface: and 3) at the approximate depth of
the ground surface (beneath the pile). The samples were non-homogeneous
and required preparation before analysis. The battery casing samples
were prepared by hand-picking plastic pieces larger than 2 inches and
lead and non-lead metal pieces larger than 1/4-inch from the sample to
be prepared. The weight of these hand-picked materials, which were not
included in the sample analysis, are presented for each sample in Table
1.3-1. The weight of rock/slag was measured, the rock/slag was recom
bined with the sample, and then the sample was crushed/ground to less
than 9-millimeter particle size and homogenized. An aliquot of this
homogenized sample was analyzed. Table 1.3-2 presents the results of
the prepared sample analyses •

TABLE 1. 3-1

COMPOSITION OF BATTERY CASING SAMPLES COLLECTED
FROM SURFACE PILES ON GOULD PROPERTY

Sample #

Hard

Rubber
Metallic

Plastic Lead
Lead

Oxides

Non-Lead
Metal

Rock/
Slag Moisture

1 16.35 17.65 0.01 4.86 0.36 59.86 0.90
2 40.89 31.37 0.52 9.35 0.00 16.51 1. 36
3 56.79 26.86 1.07 10.82 0.00 0.00 4.47
4 62.22 15.38 1. 48 6.00 0.00 10.69 4.24
5 52.87 23.99 1.97 12.49 0.00 4.02 4.66
6 52.81 13.86 1. 58 10.40 0.00 16.78 4.57
7 54.18 22.63 2.24 13.70 0.00 4.24 3.01
8 54.57 25.75 3.40 10.64 0.00 1. 32 4.32

• 9 55.97 24.94 1. 26 11. 63 0.00 0.82 5.39
Avg• 49.63 22.49 1. 50 9.99 0.04 12.69 3.66•
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TABLE 1.3-2

PREPARED BATTERY CASING SAMPLE ANALYSIS RESULTS

SAMPLE

NUMBER/
LOCATION

Total Lead
DEPTH1 (mg/kg)

EP Lead EP Arsenic EP Chromium EP Cadmium
(mg/l) (mg/l) (mg/l) (mg/l)

BC-l Surface 60,000 160 UO.2(2) 00.1 UO.05
5 feet 140,000 21 UO.2 UO.l UO.05
Ground(l) 16,000 220 UO.2 UO.l 0.06

BC-2 Surface 7,600 200 UO.2 UO.l UO.05
5 feet 180,000 140 UO.2 UO.l 00.05
Ground 130,000 100 UO.2 00.1 00.05

BC-3 Surface 190,000 190 UO.2 00.1 UO.05
5 feet 160,000 220 UO.2 UO.1 UO.05
Ground 170,000 120 00.2 UO.1 UO.05

• BC-4 . S':lrface 15,000 200 UO.2 UO.1 00.05
5 feet 34,000 130 UO.2 UO.1 00.05
Ground 24,000 81 00.2 UO.1 UO.05

(1) Ground sample collected at a depth approximately equal to the pro
jected ground surface.

(2) 0 = Less than.

••

The results for total lead indicate that the lead concentrations
(mostly lead oxi~e) in the prepared battery casing samples ranged from
7,600 mg/kg (0.76 percent) to 190,000 mg/kg (19 percent). All of the
samples had EP Toxicity results for lead above the regulatory limit (EP
Toxicity limit = 5.0 mg/ll. These values ranged from 21 mg/l to 220
mg/l. The data indicate that there was no apparent correlation between
total lead concentration and EP Toxicity leachate lead concentration for
these samples. The EP Toxicity results for arsenic, chromium, and cad
mium indicate that these contaminants were not detected in the EP
leachates.
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During excavation for engineering studies, a total of 14 battery

casing samples were collected, six from Gould surface debris and eight
from the Rhone-Poulenc suosurface. The samples were analyzed in a
manner similar to the samples from the surface piles. The analytical
results are shown in Table 1.3-3. The results in Tables 1.3-1 and 1.3-3
show that the materials from the three locations vary markedly in com
position. The surface piles contain a high percentage of plastic rela
tive to materials from surface debris on the Gould property or from the
Rhone-Poulenc property. Significantly, the metallic lead and plastic
content of subsurface casings on the Rhone-Poulenc property is essen

tially zero.

TABLE 1. 3-3

BATTERY CASING SAMPLE COMPOSITION BY WEIGHT (PERCENT DRY WEIGHT)

Ebonite Plastic
Metallic

Lead

Lead
Oxide/

Dirt/Mud
Rock/
Slag Other

e.
Gould

1 87.2 2.6 0.2 9.1 0.9
2 84.5 2.7 0.1 12.6
"3 79.3 5.5 2.4 12.7 0.1
4 44.0 6.4 4.5 35.2 2.1 7.8
5 86.9 11.6 0.5 0.1 0.9
6 88.6 7.7 0.4 3.3

Avg. 78.4% 6.1% 1.1% 12.2% 0.4% 1. 6%

Rhone-Poulenc

consist of metallic sulfide chunks primarily
Matte samples were collected from four of the
MTP-l, MTP-S, MTP-7 and MTP-8 (Figure 1.3-3).

••

1 89.6 0.6
2 80.8
3 99.6 0.3
4 73.7 0.5
5 61.4 0.1
6 69.5 0.1
7 69.6 0.2
8 80.9 0.3

Avg. 78.1% 0.3%

The matte materials
containing iron and lead.
matte test pit locations:

0.1

<0.1

9.8
9.6 9.6
0.1

11.5
20.9 17.6
24.3 6.1
20.7 9.5
8.0 10.6

13.1% 6.7%

14.3

0.2

1.8%
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The samples were collected at depths ranging from 0.5 feet to 3.0 feet
below ground surface. The samples were prepared by crushing/grinding

the metallic chunks to less than 9-mm particle size and then homoge
nizing each sample before analysis. The results for the analyses of the

matte samples are presented in Table 1.3-4.

TABLE 1. 3-4

MATTE ANALYSIS RESULTS

•

SAMPLE
NUMBER

MT-l

MT-2

MT-3

MT-4

MT-5

MT-6

SAMPLE
LOCATION

M'l'-l

MT-l

MT-5

MT-7

~T-7

MT-8

DEPTH
(ft)

1.0

2.5

0.5

0.5

3.0

2.0

pH

5.2

5.4

5.3

5.2

5.7

5.5

Total Lead
(mg/kg)

92,000

97,000

110,000

74,000

64,-000

74,000

EP Lead
(mg/l>

12

59

27

7.2

6

12

EP Arsenic
(mg/l>

UO.Ol

UO.01

00.01

0.02

0.03

0.02

EP
Chromium

(mg/l)

UO.l

UO.1

00.1

00.1

00.1

UO.l

EP
Cadmium

(mg/l>

0.04

0.06

0.34

0.19

.0.04

0.01

••

The results for total lead indicated that lead concentrations in
the matte samples ranged from 6.4 percent to 11 percent. All of the
samples had EP Toxicity results for lead above the regulatory limit of

5.0 mg/l. These values ranged from 6 mg/l to 59 mg/l. As with the bat

tery casing EP Toxicity results, the data indicate that there is no
apparent correlation between total lead concentration and EP Toxicity
leachate lead concentration for these samples. Low concentrations of
arsenic and cadmium were detected in the EP Toxicity leachates. These

concentrations are wit~in the regulatory limits (5.0 mg/l and 1.0 mg/l,
respectively).

1.3.2.3 Surface ~ater

Surface water i~ :~e study area consists of two remnants of Doane
Lake. The two r ernner t s 'ire referred to as East Doane Lake and West
Doane Lake (see Figu=~ ~.2-2) .

Fill activities lssoci~ted with the development of industrial

facilities have drama:~:3.':'':'Y altered the nature and extent of Doane
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Lake. The east and west Doane Lake remnants are all that remain of the
historic lake. The eastern remnant is roughly dumbbell-shaped and is
located on both Gould and Schnitzer/Liquid Air properties. This remnant
is bounded by Schnitzer/Liquid Air and American Steel Industries to the
south, ESCO property to the northwest, and N.W. Front Street to the
northeast. The western remnant is long and thin and is bounded by
railroad right-of-way to the west and the properties of Rhone-Poulenc
(scrap yard) and ESCO to the east.

Water depth in the east remnant varies from approximately 13 feet
in the western portion to only about 4 feet in the eastern portion.
Much of the bottom of the east remnant is littered with battery casings.

The west remnant is fairly shallow throughout, ranging from about 5 feet
to less than 3 feet. An aerator is located at the southern end of the

west remnant.

Surface water samples were collected at two sites in the east Doane
Lake remnant and one site in the west Doane Lake remnant. Samples were
collected during August 1986 at all sites except the portion of the east

remnant on the Schnitzer/Liquid Air property. These samples were
collected during December 1986. All Doane Lake surface water sites were
resampled during February 1987.

Direct precipitation and precipitation runoff from surrounding

properties are the only sources of surface water to the lake remnants.
Ground-water recharge also contributes water to the remnants. Their
surface elevation rises and falls seasonally with rainfall and pre
sumable ground-water recharge.

The east remnant receives runoff from Rhone-Poulenc, Gould,
American Steel Industries, and Schnitzer/Liquid Air properties. This

remnant also collects some runoff from eastern portions of the scrap
yard (Rhone-Poulenc) and the ESCO property. The east remnant discharges
to the north beneath N.W. Front Street; the discharge enters the
Willamette River approximately 200 feet east of the railroad bridge.

The West Doane Lake remnant collects runoff from the western por
tions of the scrap yard and the ESCO property. There is no known sur
face discharge from the West Doane Lake remnant.

In early October 1986, staff gauges were installed in the Doane
Lake remnants on the east and west sides of the site. Lake water levels
were read weekly at the same time the water levels were measured in the
wells. Lake levels of the Doane Lake remnants rose in response to pre-
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cipitation beginning in late September. Lake levels fell during the dry
spell, in October, and then did not rise until mid-November. Approx
imately 4 inches of rain fell between late-October and mid-November
before the levels of the east remnant rose significantly (November 24,
1986. At that time, the east remnant rose about 1. 5 feet. The west
remenant rose about a foot.

The east remnant continued to rise as rainfall continued until a
level near that of the outlet was reached (elevation 30.5 feet). Subse
quent damming of the outlet and continued precipitation causerl the lake
to rise to 31 feet. After reopening the outlet, the level fell to 30.7
feet.

The time lag between the start of heavy rains in late October and
the initial rise of the lakes implies that either considerable bank
storage capacity is present or that the lakes rise in response to both
runoff and aquifer recharge. There is no simple relationship apparent
between precipitation and lake level. It is thought that the east rem
nant rises to the level of the outlet and that rises above that are
controlled by the size of the outlet.

I~ contrast, the west remnant rose only about 1.5 feet during the
same time period. Prior to stabili zing near its present level ( 26.9
feet), the west remnant also rose, apparently in relation to precipita
tion like the east remnant. The west remnant drains a larger area than
the east, and is about equal in size. It has no known outlet and is
dammed at its north end. It is inferrea that it is draining through the
fill or an old river channel at about elevc 'on 26 feet.

1.3.2.4 Ground Water

The site hydrostratigraphy includes unconsolidated fill and allu
vial deposits overlying basalt flows. The fill consists predominately
of sands and gravels, silts, and an abundance of slag, bricks, metal
parts, and battery casings. The alluvial deposits consist predominantly
of clays, silts, and sands with the silt content generally increasing
with depth. The alluvial deposits form alternating layers of thinly
bedded and interfingering lenses. The basalt flow beneath the fill and
alluvial deposits is thought to be fractured and weathered. Ground
water occurs in the fractured and weathered portions of the basalts.

The fill and alluvial deposits form an interconnected, heterogen
eous, and anisotropic aquifer. Heterogeneity indicates that the hydrau
lic conductivity of the aquifer is dependent on location within the
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aquifer. For instance, the hydraulic conductivi ty measured within a
layer. of the fine-grained materials would be lower than the hydraulic
conductivity measured within a layer of the coarse-grained materials.

Anisotropy indicates that the hydraulic conductivity of the aquifer
is dependent on the direction of measurement at any point in the aquifer.
For example, the alluvial deposits beneath the site consist of layers of
fine- and coarse-grained materials, each possessing a unique value of
hydraulic conductivity. If the layers are horizontal, any single layer
with a relatively low hydraulic conductivity causes vertical flow to be
retarded, but horizontal flow can occur easily through any stratum of
relatively high hydraulic conductivity (Todd, 1980).

The fill and alluvial water-bearing zones are believed to be
generally unconfined: however, due to the layering, heterogeneity, and
anisotropy there may be ::lcallY,confined conditions within the aquif::rs.

Four water-bearing units are identified beneath the site. These
units are the fill, the upper alluvial, t1;le lower alluvial, and the
basalt water-bearing units. The relationships of these units are pre
sented in conceptual hydrogeologic cross-sections and flow nets shown in
the RI report. As shown in the flow nets, there is a significant com
ponent of downward flow."

The hydraulic properties and material types of the water-bearing
formations are highly variable: they are described more fUlly below.

Distribution of metals (lead, arsenic, cadmium, chromium, iron, and
zinc) sulfate, pH and cation exchange capacity were evaluated by analy
sis of 47 subsurface samples of the fill. Samples were collected from
four soil borings (a-5, a-6, a-8 and 8-10) and from five monitoring well
locations (W-3, W-7, W-ll, W-15 and W-16). Seven of the subsurface
samples were duplicates; thus a total of 40 subsurface locations within
the fill were sampled and analyzed. In addition, 50 samples of the top
few inches of the fill were sampled and analyzed to evaluate the sur
ficial distribution of potential contamination. Six of the surface
samples were duplicates, thus a total of 44 surface locations were
sampled and analyzed •

All surface and subsurface samples of the fill were analyzed for
lead and pH. Twenty-four of the subsurface samples were· analyzed for
arsenic and hexavalent chromium, while 28 were analyzed for cadmium,
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chromium, zinc, iron, sUlfate and cation exchange capacity. Ele~en of
the surface samples were analyzed for hexavalent chromium, while 14 were
analyzed for arsenic, cadmium, chromium, zinc, iron, sulfate, and cation
exchange capacity. All locations in the fill where subsurface samples
were analyzed have at least one sample that shows some evidence of metal
or sulfate contamination.

The fill at well W-7 has the highest concentrations of lead found
in any of the soil samples taken for this study. This is to be expected
because the well is in the area where battery casing fragments were
buried. Indeed, the analyses of the two uppermost samples from W-7
(W-7-l and W-7-2) are probably more representative of the casing frag
ments than they are of the fill (lead concentrations of 2.6 and 6.7
percent) •

The pattern of lead occurrence in surface soils corresponds to
areas where battery casing fragments were buried or processed. Although
few samples of surface soil from the fill were evaluated for other
metals, the pattern of high metal concentration is generally similar to
that for lead.

There are two exceptions to this pattern. One is the chromium con
centration of 170 ppm in 55-32, located in' the .southeastern corner of
the E5CO property. This sample was taken from the clay cap emplaced
over the fill on the E5CO property. This chromium concentration
occurrence may have been introduced during the emplacement of the clay
cap. The clay cap may have contained metal chips from the pug mill used
to process the clay. .

The second exception is the three samples from Liquid Air and
Schnitzer property (5-15, 5-17 and 5-19) that have chromium concentra
tions from 120 to 390 ppm. These and ,other samples from that area (5-16
and 5-18) also have high lead and zinc concentrations. The sources of
these high concentrations are unknown.

In summary, variable concentrations of metals are present in much
of the fill. The distribution of concentrations appears to be directly
related to the known site history and to the various types of fills
placed in Doane Lake. No obvious pattern of contaminant migration
within the fills is apparent from the data~ however, there appears to be
a rough relationship between distance from the lakes or the battery
fragments and lead concentration. Plots of lead concentration versus
the distance of the sample from the East Doane Lake remnant or the
buried battery casing fragments (whichever is closer) show that con
centrations decrease at increasing distances.
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Doane Lake and Willamette River Sediments

Sediment samples collected from the east remnant contained total
lead concentrations ranging from 160 mg/kg (parts per million) to 12,000
mg/kg. Total lead concentration was consistently highest at station
SD-02 in. all sampling rounds, ranging from 3,900 mg/kg to 12,000 mg/kg.
Other stations in the east remnant with relatively high total lead con
centrations included 50-01 (4,100 mg/kg in round 3), 50-03 (2,600 mg/kg
in round 3), and 50-11 (4,900 mg/kg in round 3). EP Toxicity tests for
lead at station 50-02 showed a concentration of 28 mg/l leachable lead.
No other stations in the east remnant had leachable lead concentrations
greater than the EP Toxici ty limit of 5 mg/l for hazardous waste

designation.

Highest total arsenic concentrations were measured at 50-01 (99
mg/kg) and SO-ll (98 and 160 mg/kg. Total cadmium was highest at sta
tion 50-02 (36 mg/kg). None of these metals exceeded EP Toxicity
limits.

West Ooane Lake remnant sediment samples collected in 1986 and
February 1987 had relatively uniform total lead concentrations at the
southern end and middle portion of the remnant (1,500 and 1,000 mg/kg
lead, respectively. The ~oncentrations in samples from the northern end.
of the west remnant were much lower, ranging from 240 to 780 mg/kg lead.
Total arsenic concentrations ranged from 20 to 76 mg/kg, total cadmium
from 2.2 to 6.5 mg/kg, total chromium from 110 to 2,200 mg/kg, and total
zinc from 440 to 2,000 mg/kg. EP Toxicity test results for lead, arse
nic, cadmium, and chromium in west remnant sediments were all below
hazardous waste limits.

Sediments collected in the Willamette River during August 1986 and

February 1987 had generally low metals concentrations. Total lead con
centrations ranged from 26 to 56 mg/kg. Other metals concentrations
included total arsenic at 5.7 to 6.2 mg/kg, total chromium at 9 to 26
mg/kg, and total zinc at 72 to 82 mg/kg. Cadmium and hexavalent chro
mium concentrations were near or below the detection limits.

Alluvium

Distribution of ~etals (lead, arsenic, cadmium, chromium, zinc and
iron), sulfate, pH, ar.d cation exchange capacity in the alluvium were
evaluated by analysis ~f 53 samples of the alluvium. The samples were
collected from soil jcc~~gs (B-5, 8-6, 8-8, and B-IO) and from five of
the monitoring well c c r i nqs (W-6, W-7, W-ll, W-15, and W-l6). All
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samples were analyzed for lead and pH. Eight of the 53 samples were
selected at random for analyses for the remaining analytes. To facili
tate evaluation of the potential migration of contamination of lead and
other metals into the alluvium from the fill, the depth of the samples
below the top of the alluvium is also shown on Table 1.3-5. Depth of
the sample below ground surface, coordinates of the well/boring, and the
sample designation are also shown.

Concentrations of the analytes evaluated are generally low, except

for iron, which is a major constituent of the natural minerals which
comprise the alluvium. Indeed, they generally are lower than the range
of background concentrations that have been reported for the area, or
were found in the background samples taken for this study.

The contaminant concentrations in the alluvium suggests that
transport of contaminated material from the fill has not occurred. The
potential transport pathways are precipitation of dissolved species,
mechanical transport of contaminated sediments, and adsorption of
dissolved species. This situation would be expected because of the low
solubility of lead and other metals, and the low mobility of sediments.

Columbia River Basalt

No chemical· analyses were performed on samples of· the Columbia
River Basalt, because the only samples collected were grab samples of
drill cuttings. Iron and trace metal composition of the basalt are
reported by Wright et ale (1979).

Ground-Water Contaminant Delineation

Results of ground-water sample analyses from the water-bearing units
are presented in Tables 1.3-6 and 1.3-7. Table 1.3-6 summarizes results
for metals, pH, sulfate and TOC for each of the hydrostratigraphic units
discussed in this subsection. Table 1. 3-7 presents average, standard
deviation, minimum and maximum values for the aforementioned analytes.

Correlation coefficients between pH and the various dissolved
constituents on site. Higher dissolved lead, zinc, chromium, and
sulfate are all more highly correlated with low pH (a negative correla
tion) compared to the other constituents. This indicates that pH,
sulfate and dissolved lead may be useful as primary indicators of con
taminants related to activi ties at the Gould site. One exception to
this is high sulfate encountered at well RPW-4, which' is upgradient of
Gould. This may indicate that sulfate contamination may not be unique
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TABLE 1.3-6

GROUND WATER - ROUND 1 (Aug - Sept, 1986), ROUND 2 (Dec, 1986 - Jan, 1987),
AND ROUND 3 (Feb, 1987) ANALYSIS RESULTS

•
PAGE 1 OF 3
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to Gould's activities. The low correlation between arsenic and pH may

indicate that this contaminant may not be related solely to the activi
ties of Gould. If low pH, high dissolved lead, and/or high dissolved
sulfate exists at a well, it can be expected that there are higher
levels of zinc and chromium as well. This section will focus primarily

on sulfate and lead levels in the ground water as an indicator of con

tamination related to NL/Gould activities, and the most important pollu

tant from a health risk standpoint. Other contaminants will be

addressed in relation to lead and sulfate.

Background for sulfate and other parameters can be approximated by

comparison with water samples from the wells in the basalt water-bearing

unit. By this comparison, samples with sulfate greater than approxima

tely 50 ppm are above background. In this case, wells/piezometers which
show average sulfate levels greater than 50 ppm appear to represent a
sulfate ·plume· that may have originated from disposal of battery acid

and casing fragments. This sulfate ·plume" may transport lead and other

soluble metals until the pH is buffered by the natural buffering capa
city of the soils in the fill and alluvium. When the pH is buffered,

the metals are removed from solution by precipitation.

Lead in Ground Water

Three different lead analyses were conducted on the ground-water.

samples from the site. Water samples were unfiltered prior to analyzing

for total lead and total recoverable lead, and filtered prior to analysis
of dissolved lead. Dissolved lead represents the fraction of lead in
solution determined with no predigestion'of the sample. Total lead and
total recoverable lead represent the fraction of lead present in the
sample that is obtainable after differing levels of digestion, with total

lead representing a more complete digestion than total recoverable lead.

Total and total recoverable lead in the waste samples represents lead
that may be adsorbed or held onto colloidal or small sediment particles.

Lead that is identified as total recoverable can be considered a lead

that is held by colloidal particles, in addition to dissolved lead.

Total lead includes all digestible lead, including some that can be con
sidered unavailable for reaction.

In general, the ground-water samples at all wells show total and

total recoverable lead to be nearly equal. This indicates that the total
lead in the sample is present due to a reactive or depositional process
that has removed dissolved lead from solution. The total recoverable
lead may be indicative of higher dissolved lead in the past that has sub
sequently precipitated, adsorbed, or complexed with fine colloidal sedi-

1-37

SCOEPA00004375



•

•

•-.

ments in the formation, even though present dissolved lead levels are not
high, or the presence of total recoverable lead may be indicative of pro
cesses that have gradually removed lead from dilute solutions. In addi
tion, process of colloidal sediment transport of lead may have been
responsible for some lead transport.

The levels of total recoverable lead measured in the ground-water

samples fluctuated widely between sampling rounds. In some cases, a
twenty~fold increase in total recoverable lead was measured between
sampling rounds with no attendant pH, dissolved lead, or other chemical
differences. This type of variation indicates that the variation is a
result of sampling or well differences rather than a change in water
quality. For example, if fine sediments were disturbed during the
sampling process, more colloidal material might be present in the sample.

Total recoverable lead levels above 0.05 ppm have been observed in
wells PP-ll, W-2D, W-7D, W-8D, W-llD, W-l2I, P-02, P-04, PP-06, W-7S,
W-llS, W-15S, and W-16S. The presence of total recoverable lead at these
locations may indicate that lead has precipitated onto sediments as a

result of a wider dissolved lead plume in the past; that the soil matrix
has been complexing with dissolved lead as ground water moves away from
East Doane Lake in a northerly, westerly, and southerly direction (acting
as a lead buffer); or that- lead has migrated in some other fashion-, such
as on colloidal particulates. The latter mechanism would appear to be
the least likely, given the general fine-grained sediments of the area.
The existence of high total recoverable lead in well PP-ll may indicate
that ground water has migrated preferer.tially along the utility line
underneath NW Front Street, carrying lead and depositing it at this loca
tion.

Dissolved lead concentrations above 0.05 ppm are presently confined
to ground water around wells W-7D, W-2D, and W-6S in the alluvium and
PP-06 in the fill. These high dissolved lead values also generally
correspond to lower pHs and elevated di$solved iron, sulfate, and chro
mium. Dissolved arsenic above the MeL (0.05 ppm) has been observed at
wells P-2, W-16S, and PP-06, all in the fill aquifer, and at well W-2D in
the alluvial aquifer. Arsenic at W-16S is not associated with high
dissolved sulfate or dissolved lead.

Fill Water-Bearing Unit

Several of the wei ~.3 and piezometers completed in the fill are
located in or very nea r to the battery casing fragments (P-2, PP-6,
W-7S) or the east Doane ~ake remnant (P-3, P-4, W-15S). Samples of water
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from three of these wells/piezometers contain sulfate in excess of 100
ppm (P-2, P-3, W-7S), as shown on Table 1.3-6. Ground water from W-16S,
located next to the Liquid Air facility, also has sulfate >100 ppm.

The general outline of the sulfate "plume" is shown in Figure
1. 3-4. Shown on the figure are the areas of elevated sulfate concen
trations which correlate to areas of lower pH and higher metal con
centrations.

The relationship of low pH and high sulfate indicates that the
sulfuric acid from East Doane Lake may have migrated to the west. The
lower pH, in turn, has increased the amount of lead in solution by
increasing the solubility limit.

The area of higher sulfate correlates with lower pH values and ele
vated metal concentrations. Well PP-6 shows the only dissolved lead
values above the maximum allowable for drinking water (Table 1. 3-5) •
Wells W-16S, P-2, and PP-6 show levels of dissolved arsenic above
drinking water standards. Levels of zinc are significantly elevated as
compared to surrounding wells at Well P-2. Applicable Federal Standards
for metals are presented in Table 1.3-8.

TABLE 1.3-8

FEDERAL STANDARDS FOR METALS

Parameter

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Selenium
Silver

Maximum Level
(Drinking Water)

(mg/l)

0.05
1.0
0.01
0.05
0.05
0.002
0.01
0.05

Maximum Level
(EPA EP Toxicity Protocol)

(mg/l)

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

••
Upper Alluvial Water-Bearing Unit

Results of ground-water sample analyses from the upper alluvial
water-bearing unit are presented in Tables 1.3-6 and 1.3-7. Table 1.3-6
summarLaes results for metals, pH, sulfate and TOC- for each of the
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hydrostratigraphic units discussed in this subsection. Table 1.3-7 also
presents average, standard deviation, minimum and maximum values for the
aforementioned analytes.

None of the wells completed in the upper alluvial water-bearing
unit are located below or very near to the battery casing fragments.
However, W-3D, W-4D and W-15I are located immediately adjacent to the
East Doane Lake remnant. Samples of water from W-3D, W-4D, and W-15I
contain high sulfate concentrations. Sulfate in W-3D remained fairly
constant (3,400 ppm, 4,900 ppm, and 3,300 ppm during rounds 1,2, and 3,
respectively). W-15I increased from 15,000 ppm during round 1 to 22,000
ppm during round 2, and then decreased to 8,800 ppm during round 3.
However, water from W-4D, located between W-3D and W-15I has lower
SUlfate concentrations. Sulfate concentrations in W-4D declined from a
high of 96 ppm during round 1 to 1 ppm during rounds 2 and 3 (Table
1. 3-6.

Wells W-~OD and W-12I, and piezometer PP-8 also have sulfate values
which appear to be elevated above background. In this case, the ele
vated sulfate concentrations in wells W-3D, W-IOD, W-12I, W-151 and PP-8
also appear to represent a sulfate "plume" that may have originated from
disposal of battery acid an9 casing fragments. As discussed previously,
this sulfate "plume" may transport lead and other soluble metals until
the pH is buffered or lead is complexed by the natural buffering capa
ci ty of the soils in the fill and alluvium. However, only well W-6S
shows lead above 0.05 ppm, and only during Round 1 (Table 1.3-6). Since
the theoretical solubility of lead at the pH encountered in .this area is
greater than 0.05 ppm,/it appears that soluble lead migration may indeed
be inhibited by soil ion exchange as the sulfate "plume" migrates away
from the source. This indication of inhibition supports a theory that
past releases of acidic water from the site were not large enough to
exhaust the exchange capacity of the soil.

A similar trend is observed in this water-bearing unit as compared
wi th the fill. Both show elevated dissolved metals, including zinc,
arsenic, iron and chromium, and sulfate levels in association with lower
pH values. As has been previously indicated, high sulfate is not
necessarily associated with high dissolved metals and low pH, however,
the association of elevated levels of dissolved metals and sulfate with
low pH is stronger in the alluvium as a whole as compared with the fill .
This indicates that the distribution of these contaminants has been less
dispersed or diluted by ground-water movement.

The sulfate "plume" with associated low pH has migrated west as
shown in Figure 1.3-5. Increased dissolved metal concentrations appear
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to be the result of the lower pH which increases the solubility of
metals,. thus carrying high levels of these species as the "plume"
migrates. Figure 1.3-5 shows the general region of high sulfate, high
dissolved metals and low pH for the upper alluvium. Well W-llI also
shows chromium levels above drinking water standards on one sampling
date, however, other samples show levels below detection limit.

Lower Alluvial Water-Bearing Unit

Results of ground-water sample analyses from the lower alluvial

water-bearing unit are presented in Tables 1.3-6 and 1.3-7. Table 1.3-6
summarizes results for metals, pH, sulfate and TOe for each of the
hydrostratigraphic units discussed in this subsection. Table 1.3-7 pre
sents average, standard deviation, minimum and maximum values for the
aforementioned analytes.

Two of the wells completed in the lower alluvial water-bearing unit
are located below or very near to the battery casing fragments (W-2D,
and W-7D). In addition, w-1SD is located immediately adjacent to the
East Doane Lake remnant. Samples of water from W-2D contain high
sulfate concentration. Sulfate in W-2D remained fairly constant (14,000
ppm during rounds 1 and 2, and 17,000'ppm during round 3). Sulfate con
centrations from w-15D decreased from 1,500 ppm during round 1 to 340
ppm during round 2 to 180 ppm during round 3.

Well W-llD also has sulfate values which appear to be elevated
above background, at a relatively cons t anc concentration of 180 ppm to
200 ppm. The elevated sulfate in wells W-2D, W:-7D, W-llD, and W-1SD
also appears to indicate a sulfate "plume" that may have originated from
disposal of battery acid and casing fragments. This sulfate "plume" may
transport lead and other soluble metals. However, only wells W-2D and
W-7D have shown lead concentrations above 0.05 ppm (Table 1.3-5). Thus,
it appears that elevated concentrations of lead currently reach the
lower alluvial water-bearing zone only in the area immediately below the
battery casing fragments. This finding lends additional support to the
hypothesis that no substantial releases of lead above 0.05 ppm has taken
place.

Well RPW-4 also has an apparently elevated sulfate concentration.
Because 'it"" is "upgradient" of the other wells with high sulfate, it
could be argued that sulfate from off site is a contributing factor to
onsite contaminant migration. However, the two wells immediately down
gradient from RPW-4 (W-1D and w-6Dl have low sulfate values.
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Figure 1.3-6 shows the estimated contaminant nplume n as it exists
in the lower alluvium. Wells W-2D and W-7D are the only wells that show
dissolved lead above drinking water standards.

Basalt Water-Bearing Unit

Results of ground-water sample analyses from the basalt water-bear
ing unit are presented in Tables 1.3-6 and 1.3-7. Table 1.3-6 summarizes
results for metals, pH, sulfate and TOC for each of the hydrostrati
graphic units discussed in this sUbsection. Table 1.3-7 presents
average, standard deviation, minimum and maximum values for the afore

mentioned analytes.

Analyses of water from the basalt indicate that sulfate, pH, and
metals are generally within the ranges reported for the basalt aquifer
in the area (Hart and Newcomb, 1965). The one apparent exception to this
situation appears to be a reported concentration of 0.046 ppm zinc in
Well W-llB during round 3. Dissolved lead concentrations in the basalt
aquifer are less than 0.01 ppm.

Summary

The potential for dissolved lead values to occur at concehtrations
above the drinking water standard of 0.05 ppm exists in the till, upper
alluvial and lower alluvial water-bearing units in the region below the
Gould site where battery casings and sulfuric acid have been deposited.
In general, values above 0.05 ppm are also associated wit.h other ele
vated dissolved metals, primarily zinc and arsenic, chromium and iron,
elevated sulfate and' lower pH. Low pH and sulfate concentrations
greater than 50 ppm serve as indicators of potentially elevated dis
solved metal concentrations, including lead. The identified extent of
the sUlfate nplumen indicates that it. has migrated as far as well W-10D
in the upper alluvium. The maximum dissolved lead concentrations dimi
nish moving away from East Doane Lake and wells W-2 and W-7, indicating
that dissolved lead migration is be~ng retarded. Dissolved lead values
above drinking water standards exist only in wells W-7D and W-2D in the
lower alluvium, and in well PP-6 in the fill. These locations are
directly beneath the battery casing piles. Wells W-2D and W-7D also
show pH values below 6.0. The distribution of total recoverable lead
may indicate that dissolved lead is, or at one time in the past was,
accumulating in the soils •
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The sulfate and lead migration distribution patterns indicate a
source. near the battery casing piles and East Doane Lake with a sub
sequent migration downgradient towards West Doane Lake and to the
northeast, with the maximum migration occurring in the upper alluvium.
The distribution patterns indicate considerable exchange capacity in the
soil, thus leading to confidence in the hypothesis that no large-scale
releases of dissolved lead in ground water occurred in the past. How
ever, some lead may have been transported along the utility lines as far
as well PP-ll, indicated by the presence of total recoverable lead at

this well.

1.3.2.5 Contaminant Transport

The primary source materials contribute lead, zinc, possibly arse
nic, chromium, and other materials to the ground water. Available data
suggest that lead, zinc, arsenic and chromium are the contaminants of
concern that have migrated in ground water. The mobility of lead, arse
nic, and zinc are similar under conditions found at the site, although
zinc may persist in ground water more than lead. Chromium mobility is
enhanced by the increased solubility of the hexavalent species.

Two types of lead sources exist at the Gould site. The major source
includes debris rema1n1ng from earlier lead. recovery operations,
including battery casings and parts and the 'smelter matte. Another
source which may be significant is the lead incorporated in the subsur
face near the industrial sources. This lead, sorbed on soil mineral
phases or precipitated as oxides, hydroxides, or sulfate, may act as a
source for lead in ground water after the primary (industrial) sources
have been removed or stabilized. These secondary sources may arise in
two ways; the sorption of dissolved lead onto clays and iron oxides in
the soil, and as a chemical precipitate that forms where significant

changes in ground-water chemistry are encountered.

The most important chemical change encountered in the ground-water
system on (and near) the site is pH change. At the primary sources, the
pH is generally quite low (pH (5) because of the sulfuric acid from the
scrapped batteries. The pH gradually increases away from the sources
because of the buffering effect of reactions with natural soil minerals.
The by-product debris from the air products operation nearby is a source
of very high pH water. As pH increases, the solubility of lead in water
decreases, accompanied Jy t~e precipitation of lead oxides and hydroxi
des. At very high pH (?H >11), lead increases in solubility as stable
hydroxy-complexes form '5~~ock and Gardels 1983). High pH values exist
at the Liquid Air site 35 3 result of alkaline wastes; however, associ
ated elevated dissolved ~~ad is not present.
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Lead Solubility On Sit~

The amount of lead that can be dissolved in ground water is a func
tion of temperature, pH, other dissolved species present, amount of
available lead and contact time. .Assuming temperatures to be constant,
all these factors are significant with regard to lead solubility in
ground water in the study area.

Theoretical maximum levels of dissolved lead, in thermodynamic
equilibrium with an unlimiting source, can be estimated from studies done
by the EPA (Davies and Everhard 1973) on lead equilibrium in "hard"
water. These estimates are a function of pH only, as time and lead were
not limiting, and other interference such as cation exchange and adsorp
tion were not present in the study.

Typically, the dissolved lead concentration observed in the ground
water on site were much less than the theoretical maximums. The relation
ship of pH to the ratio of observed dissolved lead (for samples with
dissolved lead above detection limits) to theoretical maximum dissolved
lead shows a general trend that indicates a low observed solubility
ratio when theoretical solubility is high (at high and low pHs), and a
high ratio (tending towards 1.0) when the theoretical solubility is low
(around neutral pHs).

The solubility relationship may be a function of limited lead avail
able for dissolution. This contention is supported by the observation
that if the water samples from wells W-2D and W-7D, which exhibit low pHs
in an environment of more readily available lead (beneath the battery
casing piles) are treated separately, the general relationship already
described becomes clearer and a distinct solubility relationship exists
where lead is more available (L, e., as pH decreases, lead solubility
increases).

The reasons for the observed condition are probably complex. At
high pHs, observed in the vicinity of wells W-lS and W-16, the impact of
alkaline material from Schnitzer Liquid/Air, although increasing pH and
subsequent solubility potential, may also provide an environment of
increased exchange capacity and subsequent decrease in dissolved lead.
Lead may also exist in more or less soluable forms (depending on pH and
other dissolved species) with respect to location, waste type and chemi
cal environment. High TOe may also provide a matrix that can remove
dissolved lead.

The subsurface chemistry and physical conditions are sufficiently
varied on site to create a situation where lead solUbility potential can
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also be highly variable. However, given the observed solubilities, pH
appeazs to be a fairly good indicator of the potential fraction of
theoretical values that may become dissolved, especially if the con
ditions at wells W-7D and W-2D are regarded as a separate case.

At- approximately pH 6.0, the condition at wells W-7D and W-2D
becomes similar to the general site condition with respect to lead solu
bility. Since acids are no longer being dumped into East Doane Lake, it
is expected that pHs will increase from inflow of more neutral ground
water at W-7D and W-2D until pH levels at that site are sizn.;.lar to pH
levels recorded upgradient or in the fill. Therefore, it is assumed
that present conditions represent the worst case with respect to future
possible dissolved lead transport.

Particulate Transport

In addition to transport of lead and other contaminants in a
dissolved state, it is possible that these can be transported in an
adsorbed or complexed state, along with transport of fine colloidal
sediments in ground water. Chemicals strongly adsorbed to colloidal
surface may move with the carrier material to deeper layers of the
unsaturated zone during subsurface flow events or laterally in the
course of horizontal ground-water flow. The characteristics of the sub
surface flow and the characteristics of the porous media both influence
the potential for such movement. If the porosity of the media is such
that a sufficient number of pores are larger than the particle being
transported, the pores are sufficientl~ interconnected and flow veloc
Lties are high enough, colloidal soil particles can be transported
significant distances.

Results of previous studies concerned with this transport mechanism
by Vinten et at. (1983) has shown that. in coarse sands, up to 50 percent
of some contaminants have been transported a distance of 5 em or more by
partiCUlate transport. In sandy loams, they found up to 2 percent
transport greater than 5 em and in silt loams, less than 5 percent of
the contaminants studied were transported greater than 5 em via par
ticulate transport.

The result of the above study indicates that partiCUlate transport
of sorbed contaminants may be an important mechanism for short distance
contaminant transport in soils with permeabilities greater than those
found in sands and coarse sands. The soils in the study area exhibit
generally low permeabilities except in isolated, non-continuous pockets
in the fill that eL~ibit permeabilities on the order of a coarse sand.
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Particulate transport of lead or other contaminants on site may be
important over short distances in localized areas; however, it is not

considered as an important potential pathway of contaminant transport
mechanism for the Gould site.

Retardation

The factors that can cause lead and other contaminants to move more

slowly than ground water include precipitation and sorption. The pH of

ground water is the primary variable that affects the solubility of
metals, although oxidation potential, salinity and presence of various

anions and complexing agents may be significant. The specific solid lead

compounds that determine the stability are determined by ground-water
conditions. Oxides, hydroxides, sulfates, and mixed species are expected

to be important at various areas in the subsurface of the site. Lead
solubilities are expected to be 150 to 200 ppb at maximum in areas of

very low or very high pH and 10 to 20 ppb or less in areas of neutral to
slightly elevated pH.

These solubilities are theoretical, and generally represent upper

limits for dissolved lead. Kinetic effects and sorption will tend to

decrease the lead in solution with respect to the solubility ~imits. The
laboratory leach tests should provide data on the actual concentrations
expected.

Contaminant Transport Velocity

The average linear velocity of a contaminant plume within the fill
water-bearing unit is defined here by the following relationship:

Vc = D/(t s - tcl
where:

Vc = average linear plume velocity
o = distance from source to the observation
t s = time contaminant source began
t c =time of arrival at the observation point

of C/Co = 0.5
C = concentration observed
Co = steady state concentration

(length/time)
point (length)

(time)

(time)
(mg/l>
(mg/l)

••
The range of plume velocities are estimated from the sulfate (S04)

concentrations in the ground water at wells W-7S and W-llS. 80th wells
appeared to have reached steady state concentrations of 300 to 310 and
30 to 36 milligrams per liter (mg/l) respectively, as measu'red during
this investigation. Sulfate is selected because it is the most mobile
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Sensitivity calculations were performed to aases s the uncertainty

of the input parameters. The uncertainties are:

1. Exact time of arrival of the C/Co = 0.5 concentration at the
observation point: and

2. Travel time within the vadose zone.

The time of arrival of the C/Co = 0.5 concentration is sometime
between 1949 when disposal of battery wastes began and 1981 when dis
posal of waste was suspended. Within this 32-year period, the sulfate
from the source arrived at wells W-7S and W-llS. Thus, for the purpose
of estimating the approximate order of magnitude of the contaminant
transport velocity, an arrival time range of 1 to 30 years is assumed.

Based on this assumption and the distance between wells W-7S and
W-llS, the estimated range of plume velocity for sulfate is 0.07 to 2.2
feet per day. This estimate is assumed to be worst-case in that retar
dation mechanisms of the contaminants are ignored •

Concentrations of Airborne Lead

Airborne lead concentrations measured as part of the RI/FS study
conducted by Dames & Moore are shown in Table 1.3-9 and Appendix E. The
highest daily values observed during the sampling period were 5.20
ug/m3 at sampler S-3 on August 25, 1986, and 12.76 ug/m 3 at 'sampler S-3
on June 24, 1987. The'se coincided with observed site activity. Spe
cifically, on August 25, 1986, workers from a firm acquiring the ino
perative battery casing separating machine were steam cleaning and
decontaminating the equipment on the Gould property prior to moving the
equipment from the site. On that day, Dames & Moore personnel observed
clouds of airborne particulate from the cleaning operations move over
the operating sampler 5-3. This would account for the high con
centrations of airborne lead recorded on that date. The cleaning opera
tions took place near the battery casing piles, northwest of sampler S-3
(along a prevailing wind direction) approximately 100 yards away from
the sampler. On June 24, 1987, battery casings were being excavated for
an engineering study .

The highest monthly average airborne lead concentrations observed
(as shown in Table 1.3-10) were 1.56 ug/m 3 and 0.94 ug/m 3, observed again
at sampler 5-3 June 1987 and in August 1986. The June 1987 monthly
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average is just above the federal and state ambient air standard for
lead of 1.5 ug/m3 on a quarterly basis; the average is highly skewed by
the one high reading on June 24, 1987. The average readings from other
samplers during August 1986 were similarly higher than averages during
other months, confirming the expected trend of higher airborne particu
late levels during the dry summer months. Dry weather, along with the
remedial activities and equipment cleaning (i.e., more dust-generating
activities occurring around the site), may account for the significantly
higher values observed during this time period •
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TABLE 1.3-9

• AIRBORNE LEAD CONCENTRATIONS
DAILY AVERAGES

Sheet 1 of 3

Daily Averages (ug/m3)

S-l S-lA S-2 S-3 Site
Date· Sampler Sampler Sampler Sampler Activity·

04-16-86 0.09 0.06a 0.04 voidb

04-20-86 0.10 0.19 0.14 0.15
04-26-86 0.10 0.04 0.09 0.09
05-02-86 0.05 0.04 0.09 0.10
05-08-86 0.10 0.09 0.09 0.09
05-14-86 0.05 0.05 0.05 0.05
05-20-86 0.10 0.09 0.09 0.10
05-26-86 0.10 0.09 O.lOa 0.15
05-29-86 0.34 0.33 0.14 1.10a
06-01-86 0.19 0.17 0.10 0.42
06-02-86 0.05 O.13 a 0.17a 0.34a 4
06-03-86 0.10 0.08 0.10 0.11a 4
06-04-86 0.05 0.04 0.15 0.17 4• 06-05-86 0.10 0.04 O.lla 0.05 4
06-07-86 0.14 0.12 0.14 1.25 4
06-10-86 0.44 0.62 0.30 4
06-11-86 0.20 0.20 0.21 4
06-13-86 0.09 0.08 0.21 0.22
06-19-86 0.05 0.04 0.05 0.10
06-25-86 0.19 0.16 0.23 0.09
07-01-86 0.10 0.12 0.15 0.15
07-07-86 0.05 0.08 0.09 0.05 4
07-13-86 0.05 0.08 0.13 0.15 1
07-15-86 0.05 0.23 0.24 4
07-16-86 0.04 0.08 0.09 4
07-17-86 0.09 0.09 0.14 4
07-18-86 0.09 0.09 0.09 4
07-19-86 0.09 0.14 0.22 0.23
07-22-86 0.27 0.75 0.22 1
07-23-86 0.39 0.26 0.15a 1
07-24-86 0.45 0.44 0.05a 1
07-25-86 0.81 0.67 0.84 0.21 1
07-28-86 0.33 0.39 0.33 1
07-29-86 0.61 0.88 0.37 1
07-30-86 0.61 0.86 0.81 1
07-31-86 0.53 0.51 0.61 0.44 1• 08-01-86 1.48c 1.38c 1.He 1
08-04-86 0.63 0.67 0.88 1• 08-05-86 1.04 1.40 0.54 1
08-06-86 0.84 0.94 0.74 0.58 1
08-07-86 0.80 0.63 0.43 1,3,6
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Sheet 2 of 3

Daily Averages (ug/m3 )

S-l S-lA S-2 S-3 Site
Date Sampler Sampler Sampler Sampler Activity·

08-08-86 0.71 0.40 0.70 1
08-11-86 0.27 0.17 1.12 1
08-12-86 0.26 0.24 0.18 0.42 1
08-13-86 0.32 0.26 0.37 1,3
08-14-86 0.65 0.96 1.17 1
08-15-86 0.55 0.43 0.13 1
08-18-86 0.48 0.57 0.39 0.53 3
08-22-86 0.46 0.52 1.59 3,5
08-24-86 0.15 0.14 0.21 0.60 3
08-25-86 0.94 1. 37 5.20 3,7
08-26-86 0.53 0.48 1.42 3
08-27-86 0.60 0.91 1.48 3
08-30-86 0.04 0.08 0.04 0.08 3
09-02-86 0.42 0.17 0.24 2,3
09-03-86 0.41 0.35 0.60 2,3

• 09-05-86 0.33 0.27 0.49 Q.44 3,6,7
09-11-86 0.27 0.27 0.34 1.16 3,6,7
09-12-86 0.23 2.03 ~.56 3
09-17-86 0.05 0.04 0.09 0.21 3
09-23-86 0.09 0.08 0.09 0.12 6,7
09-24-86 voidd 0.25 0.08 7
09-29-86 0.21 0.20 0.09 0.17 3
10-05-86 O.OS O.OS 0.09 0.07
10-11-S6 0.20 0.15 1.07 0.07
10-17-86 0.17 0.15 0.17 0.15
10-23-86 0.24 0.23 0.26 0.29 6
10-29-86 0.08 O.OS 0.13 0.07
11-04-86 0.20 0.19 0.21 0.32
11-10-86 0.16 0.15 0.14 0.15
11-16-86 0.04 0.04 voidd 0.04
11-22-86 0.04 0.04 0.04 0.03
11-25-86 0.12 O.OS 0.11 1
11-28-86 0.08 0.04 0.04 0.07 1
12-01-86 0.12 0.12 0.10 1,6
12-02-86 0.12 0.12 0.07 1
12-03-86 0.12 0.16 0.10 1
12-04-86 0.12 0.11 0.16 0.11 1,3
12-05-86 0.15 0.16 0.14 1

• 12-08-86 0.08 0.08 0.07 1,6
12-09-86 0.11 0.12 0.07 1,6

• 12-10-86 0.15 0.14 0.12 O.OSa 1,3
12-11-86 0.19 0.24 0.17 1,3
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*Site Activity Code
1 - Soil bearing/well installation
2 - Test pits/battery casing and matte sampling
3 - Well development/ground-water sampling
4 - Surface soil sampling
5 - Surface water/sediment sampling
6 - Water level measurements
7 - Other activities

a Void by EPA standards--Sampler run time was less than 23 hours, but at
least 12 hours.

b Dixon chart was questionable.

c Conditions included drilling on Rhone Poulenc and ESCO, plus strong winds.

d Sampler run time was less than 12 hours •
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TABLE 1. 3-10

AIRBORNE LEAD CONCENTRATIONS
MONTHLY AND QUARTERLY AVERAGES

Averages (ug/m3)

Date Sampler S-l Sampler S-lA Sampler S-2 Sampler S-3

Monthly Arithmetic Averages

April, 1986 a 0.10 0.10 0.09 0.08

May 0.08 0.07 0.08 0.10

June 0.16 0 - ~ 0.19 0.36

JUly 0.25 0.27 0.33 0.28

August 0.51 0.39 0.54 0.94

• September 0.19 0.17 0.37 0.45

October 0.15 0.14 0.34 0'.13

November 0.13 0.09 0.10 0.14

December 0.12 0.12 0.15 0.10

June 0.37 0.15 1.56

September 0.09 0.08 0.02

Quarterly Arithmetic Averages

April to 0.11 0.10 0.12 0.18
June

July to 0.32 0.28 0.41 0.56
September

October to 0.13 0.12 0.20 0.12
December

• a April averages include only 3 of the 5 EPA National Schedule weeks.

•
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The highest quarterly average airborne lead concentration of 0.55
ug/m3 ~as shown in Table 1.3-9) was observed at sampler S-3 during the
JUly to September 1986 quarter. This concentration is just over one
third of the allowable federal and state ambient air quality standards
of 1.5 ug/m3 as a arithmetic quarterly average. This quarter was simi
larly high for all monitors, again confirming the trend for higher air
borne particulate levels during the dry sununer months. The second
highest quarterly average, 0.41 ug/m3, was observed at sampler S-2.
Both samplers S-2 and S-3 are the closest to the battery casing piles
and could be expected to show the highest lead levels, if the casing
piles are the main source of airborne lead.

1.3.3 Risks to Human Health and the Environment

An endangerment assessment (Appendix A.) was performed to evaluate
the potential for human health and environmental exposure risks asso
ciated with the no-action alternative as well as the remedial action
alternatives. The primary contaminant included in the assessment is
lead, which is not considered to be a carcinogen, along with arsenic and
cadmium. While arsenic is treated as a carcinogen for both inhalation
and ingestion routes, cadmium is treated as a carcinogen for only the
inhalation route. The endangerment assessment includes a summary of the
toxicological properties of the chemicals. Both lead and arsenic are
found in the site's airborne dust, soil, and surface and ground water,
and cadmium is found in airborne dust and soil.

Three potential critical pathways were identified, including air
borne exposure from on-site fugitive dust sources, incidental oral
ingestion of contaminants, and dermal contact as well as incidental
ingestion of lead from surface water in the East Doane Lake remnant. No
exposure from drinking water was identified, because city water serves
the area and wells to obtain drinking water are drilled into the deep
basalt aquifer which has not been contaminated.

Under the no-action alternative, scenarios were developed for on
site worker and just off-site (at the fenceline) residential exposure to
airborne dust assumed conservatively to contain particular levels of
contaminants. Air contaminant levels were modeled using the Industrial
Source Complex Short Term (ISCST) model. Worker and residential sce
narios were also developed for incidental oral ingestion on-site of con
taminants using best ar.d ~pper bound estimates of contamination levels
as well as low and hig~ joses of ingested soil.

The no-action sce~ario

children might gain access
f or surface water exposure assumed that
to East Doane Lake for swinuning. The

1-56
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endangerment assessment also examined the environmental effects on the
Willamette River of discharging surface and ground water containing
lead•.

Best and upper bound estimates of contaminant levels were used to

caLculace average daily exposures for worker and residential popula

tions. Where available, applicable or relevant and appropriate require

ments (ARARs) were used in evaluating the health risk associated with

observed and estimated exposure concentrations. For noncarcinogenic
effects, exposure levels for lead and cadmium were compared with accep
table chronic intakes provided in EPA's Superfund Public Health
Evaluation Manual (SPHEM 1986). For carcinogenic effects, unit risk

estimates were developed using the carcinogenic potency factors from the
SPHEM.

1.4 OBJECTIVES OF REMEDIAL ACTION

The objectives of remediation for the Gould site are to provide
adequate protection of human health and the environment from the effects

of contaminants introduced by past practices at the Gould site. The

objectives do not include the reduction or control of risk associated

,with off-site generated contaminants. Specific objectives for anY,reme

dia~ion.at the Gould site follow:'

1. To protect human health from effects of contaminants in public

drinking water supplies.

2. To protect human health and tile environment from detrimental

effects of airborne metals contamination.

3. To protect human health and the environment from detrimental

effects of contact with contaminated surface water or soils.

4. To protect the water quality of the Willamette River from
degradation because of site contaminants •

1-57
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2.0 IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGIES

Methods available to remedy an uncontrolled hazardous waste site
apply source control techniques, receptor control techniques, or tech
niques for the management of contaminant migration; or they apply some
combination of these three techniques. Source control techniques reduce
the hazard of a site by lessening the source of risk at the site.
Receptor control techniques reduce the hazard of a site by limiting
access to the site and its dangers. Management of contaminant migration

reduces the hazard of a site by restricting the avenues by whi~h hazar
dous materials can move from the site into the surroundings.

At a specific hazardous waste site, many of the available remedi
ation methods will not be appropriate. Certain methods, for example,
will not achieve remedial objectives due to the chemical properties of
site contaminants, contaminant location, or the physical surroundings.
It is possible, therefore, to eliminate some methods from consideration
on technical grounds. Those methods that may not achieve remedial
objectives within a reasonable time, may prove difficult to implement,
or rely on unproven technologies may be eliminated.

This section summarizes the process used to determine appropriate
remediation technologies for the Gould site. The selection and
screening of available technologies is a four-step process. First, the
criteria for screening are developed from the remedial objectives, the
characteristics of the contaminants and the site conditions. Then,
general response actions that diminish site problems and meet clean-up
goals and objectives are identified. Next, technologies available for
performing each response action are investigated. Finally, infeasible
or inapplicable technologies are eliminated from further consideration.

The remaining technologies are subsequently combined into prelimi
nary remedial action alternatives. The preliminary alternatives are
screened for implementability, effectiveness and cost. The screening
process produces a small group of final remedial action alternatives.

The process of combining technologies and screening the resulting
alternatives is described in Section 3.0.

2-1
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EXECUTIVE SUMMARY

This report presents the results of the Feasibility Study for the
Gould Inc. site (hereafter called Gould site) in Portland, Oregon. The
study was performed for NL Industries, Inc. and Gould Inc. as required
by Administrative Order on Consent, EPA Docket Number 1085-05-08-106,
dated August 29, 1985. The Feasibility Study follows submittal of a
Draft Remedial Investigation report in June, 1987 and a Final Remedial
Investigation report in November, 1987.

As required by the Work Plan developed pursuant to the Consent
Order, the purpose of the Feasibility Study is to develop and evaluate a

range of remedial action alternatives for the Gould site based on the
extent of contamination found on the site during the RI. The alter
natives are screened and evaluated, then compared. As a result of this
process, one alternative is recommended for implementation.

The Feasibility Study process began with the identification of pre
liminary remedial technologies applicable to the site. In order to pro
perly identify applicable technologies, remedial objectives for the site
were developed. Those remedial objectives are:

1. To .prccece human r 'alth from the effects of contaminants in
public 'drinking water supplies.

2. To protect human health and the environment from detrimental
effects of airborne metals contamination.

3. To protect human heal th and the environment from detrimental
effects of contact with contaminated surface water or soils.

4. To protect the water quality of the Willamette River from
degradation because of site contaminants.

Given those remedial objectives, and mindful of the constraints of
the site, criteria were developed for screening of technologies based on
the stated objectives and on the guidance and policies of regulatory
agencies. Preliminary technologies were screened to those which satis
fied the SARA requirements for use of treatment technologies, as well as
those which would allow subsequently developed alternatives to comply
with site ARARs.

The screened preliminary remedial technologies were then combined
into a total of 30 preliminary remedial alternatives. Treatment alter
natives were developed including alternatives which required no long-

i
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term management of residuals, alternatives which include treatment as a
principal element, containment alternatives, and a No-Action Alternative.
The preliminary remedial alternatives were screened considering the fac
tors of effectiveness, implementability, and cost. As required by EPA
guidance revised under SARA, cost was considered only as a factor to
discriminate between alternatives which would provide similar results.
The purpose of the inital screen was to identify a small number of
alternatives for further detailed analysis, and to preserve a range of
treatment alternatives.

Section 3 of the report describes the preliminary screening pro
cess. In order to effectively screen the remedial alternatives, options
which addressed the site fill materials were evaluated first, without
consideration for surface treatment, surface water treatment or ground
water treatment. This approach to the development of alternatives was
necessary because the wide range of materials and pathways present at
the site would result in an unworkable matrix of conditions if all were
considered simultaneously. Surface treatment, surface water treatment
and ground-water treat-ment address several of the identified remedial
objectives and are important components of the general response action
categories. Consideration of technologies for addressing these com
ponents is included in the FS, but evaluation of these technologies is,
in most cases, somewhat separate from evaluation of the fully-developed
alternative.

The preliminary screening resulted in a total of seven alternatives
identified for detailed evaluation as Final Candidate Alternatives. The
seven Final Candidate Alternatives, identified briefly, are:

••

o

o

o

o

Alternative 1 - No-Action Alternative.

Alterantive 2A - Removal and Disposal of Surface Piles of
Battery Casings; Lime Application to Contaminated Soils.

Alternative 213 - Removal and Disposal of Surface Piles of
Battery Casings; Capping of Contaminated Surface Soils;
Regrading of the Site and Isolation of East Doane Lake.

Alternative 8 Removal and Disposal of Surface Piles of
Battery Casings and Sediments of East Doane Lake; Capping of
Contaminated Surface Soils; Regrading of the Site and Isolation
of East Doane Lake .

i~
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Alternative 10 - Excavation and Separation of Battery Casing
Components, and Subsequent Off-Site Management of Casings;
Fixation or Stabilization of Surface Soils, Subsurface Soils,
Sediments, and Matte.

Alternative 21 - Excavation of Battery Casing Components and
Permanent Disposal in an On-Site RCRA Tumulus; Fixation or
Stabilization of Surface Soils, Subsurface Soils, Sediments,
and Matte.

Alternative 25 - Permanent Disposal in an On-Site RCRA Tumulus
of all Site Contaminated Materials, including Battery Casing
Components, Surface Soils, Subsurface Soils, SedimeIlts, and
Matte.

•

•e

These alternatives include an alternative requiring no long-term
management of residuals (Alternative 10) and alternatives involving
treatment as a principal element (Alternatives 10 and 21). In addition,
containment alternatives (Alternatives 2A, 2B, 8, 21 and 25) are
included, as well as a No-Action Alternative (Alternative 1). These
alternatives were all carried through the detailed evaluation process.

The factors ,used to evaluate the Final Candidate Alternatives were
effectiveness, implementability, and cost. Under'effectiveness, con
sideration was given to the results of the endangerment assessment, as
well as to categories of reliability, conformance to ARARs, and reduc
tion in toxicity, mobility, or volume. Under implementability, factors
considered were technical f easibility, constructability, performance,
safety, time required to achieve remedial objective, permitting require
ments, community concerns and institutional requirements. The cost fac
tor included capital costs and operating and maintenance costs, as well

as a present worth analysis at several different discount rates to eva
luate the sensitivity of each alternative to inflation and general
interest rates.

Pursuant to evaluation of the Final Candidate Alternatives, several
engineering studies were performed to determine whether the SARA pre
ference for treatment could be met. The engineering studies represented
one category (technical :easibility) of one factor used to evaluate the
Final Candidate Alter:-:a:ive. A soil stabilization study was performed
by Weston Services, : :-,::. Weston used several different reagents to
determine the applica~~~~:! of the soil stabilization technique to Gould
site soils and lake S'?': i ne n t s , The results showed that admixtures of
Portland cement, cemen: ~~~n dust, and lime kiln dust with the soil and

iii
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sediment at specific increments improved the consistency and structural
stability of the soils and sediments, and also reduced the leachability
of the "contaminated materials to levels generally below hazardous waste
designation levels.

Two battery casing separation tests were performed, and a third is
planned after submittal of this Feasibility Study report. The two tests
were performed on equipment manufactured by (1) MA Industries, Inc. and
(2) Poly-Cycle Industries, Inc. To conduct each test, approximately
twenty tons of material was shipped to locations where equipment manu
factured by the two companies is in use. In the case of MA Industries,
the test was run on equipment operated by Ace Battery Company of
Indianapolis, Indiana. The test of Poly-Cycle equipment was run at the
Poly-Cycle plant in Jacksonville, Texas. The equipment manufactured by
the two companies is similar; however MA Industries is more oriented to
equipment sales only, while Poly-Cycle's primary interest is in develop
ing markets for the separated battery components.

The results for the first two tests were similar, but with dif
ferent problems. During the Ace Battery test, extremely heavy foaming
complicated the separation process and reduced its efficiency. During
the Ply-Cycle test, an equipment problem affected the efficiency of
metallic lead/ebonite separati~n. Reasonable physical separation of the
plastic and ebonite components appears to be possible, although the
post-separation degree of lead contamination of ebonite is so high that
recycling is questionable. A second test at Poly-Cycle is planned to
determine if the degree of physical separation of ebonite f~om metallic
lead can be improved with equipment modifications. Of more importance,
though, is the amount of lead contained in the interstices of the
plastic and the ebonite. After separation, both components fail the
TCLP test for lead. Ebonite fails badly even after washing with
hydrochloric acid and deionized water. "

During the evaluation of alternatives, similar tests were run inde
pendently by researchers working on materials from the United Scrap Lead
Superfund site near Troy, Ohio. Researchers there performed bench-scale
tests using various solutions and mechanical cleaning steps to determine
the amenability of lead to be removed from the ebonite material. While
no prediction can be made by extrapolating the laboratory results to
field work, it appears that the process requirements would be of con
siderable scope and have significant environmental concerns. The
researchers conclude that more work is required before the lab results
could be applied to any field-scale unit. The results achieved to date

iv
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by NL Industries and Gould Inc. in their lab tests lead to the same
conclusion.

Results reported to date show that great difficulty is en~ountered

in attempting to reduce the interstitial lead content of the ebonite.
Researchers have tried various combinations of separation steps, includ
ing physical, mechanical, and chemical steps, in addition to hand
separation at the outset. Even if laboratory methods do prove to be
successful, the potential for successful field application of multi-step
processes at the Gould site is far from assured.

The endangerment assessment referred to under the evaluation factor
of effectiveness was designed to examine each alternative's performance
under a number of different human and environmental exposure scenarios.
Scenarios examined included on-site and off-site residential exposures,

as well as on-site and off-site worker exposures. The contaminants exa
mined were lead, arsenic, and cadmium. The health effects of arsenic
and cadmium were examined from the standpoint of carcinogenicity, while
the health effects of lead were evaluated in comparison to standards
that result in no adverse chronic health effects. Aquatic species
native to the Willamette River were discussed in the endangerment
assessment as well.

A final consideration in evaluating alternatives was the range of
institutional controls available to be applied to the site. As current
owner, Gould Inc. retains rights to impose a number of controls on
future use of the property. Most significant and relevant among these
rights is the right to enter into binding covenants regarding sale and
development of the property. Those rights were integrated into several
of the alternatives as key elements of the remedial action. It should
be noted that institutional controls are used for each of the alter
natives.

The Feasibility Study concludes that Alternative 2B is the alter
native most efficient in responding to risks posed by the site. This
alternative would remove all surface piles of battery casings from the
site, as well as capping the contaminated surface soils, thereby making
unavailable for human contact by inhalation or ingestion all soils con
taminated to levels that would fail the TCLP or EP Toxicity tests for
lead. The East Doane Lake outlet to the Willamette would be blocked and
the site would be graded away from the lake. As part of the alter
native, Gould Inc. would covenant to hold the property in perpetuity and
limit its use by executing an instrument binding on Gould Inc., as well
as on its heirs and successors. The covenant would prevent contact with

v
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contaminated ground water by forbidding installation of an on-site with

drawal well. In addition, the covenant would preclude any site develop

ment that might disturb contaminated source materials. Under SARA, such

a structure for remediation is allowed if the remedial alternative can

be shown to be equivalent to meeting ARARs for the site. Through the

execution of this instrument, as well as through the technical reme

diation described for Alternative 2B, the waiver under Section 121 of

SARA which permits remediation that does not meet ARARs if the alter

native. meets the equivalent of the ARARs is fUlly applicable to the

Gould site. Moreover, perpetual control of the property by Gould Inc.

would alleviate concern about exposure to ground water contaminated with

dissolved lead above o.05 mg/l. It is only in a small, stable area

under the Gould site that dissolved lead exceeds such a level in the
shallow aquifer system. Alternative 2B is shown, through the risk

assessment, to adequately address any exposure scenario that would be

reasonable given the institutional controls described above. It is

concluded that the incremental benefit derived from implementation of

more comprehensive remedial alternatives cannot possibly justify the

tremendous cost differential apparent for those alternatives •
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1.0 INTRODUCTION

T~is report presents the results of a Feasibility Study (FS) for NL

Industries, Inc. and Gould Inc. as required by Administrative Order on
Consent, EPA Docket No. 1085-05-08-106, dated August 29, 1985. The
report supports activities under the Comprehensive Environmental
Response; Compensation and Liability Act Of 1980 (CERCLA), as amended by
the Superfund Amendments and Reauthorization Act of 1986 (SARA), for a
site currently owned by Gould Inc. and formerly owned by NL Industries,
Inc. in Portland, Oregon.

The Gould site was included on the National Priorities List (NPL)
in September 1983 in accordance with Section 105 of CERCLA. Site con

ditions leading to inclusion on the NPL stem from past operations as a
battery recycling operation and secondary lead smelter during ownership
by Morris P. Kirk & Son, Inc. from about 1949 to 1972, by NL Industries
from 1972 to 1979, and by Gould from 1979 to 1981. NL Industries, Inc.
and Gould Inc. have formally objected to inclusion of the site on the
NPL (see Appendix D). Gould Inc., the current owner, ceased operations
at the site in August 1981.

The project has been conducted in three phases. Phase A consisted
of the Remedial Investigation (RI) for the site. Phase B identified
remedial technologies potentially applicable to remediation at the site,
and developed those technologies into remedial alternatives which
addressed the range of site contamination conditions. Phase C provided
a detailed evaluation and comparison of those alternatives. This FS
report follows the submittal of a Draft ~emedial Investigation Report on
Phase A for the site ~n June 1, 1987 and submittal of a Final Remedial
Investigation Report on November 16, 1987. A report on Phase B activi
ties was submitted on June 5, 1987. The data generated during conduct

of the RI are the basis for the development of remedial alternatives
discussed in this FS report.

1.1 OBJECTIVE AND OVERVIEW

As required by the Work Plan developed pursuant to the Administra
tive Order on Consent, the objective of the FS is to develop and evalu
ate a range of remedial action alternatives for the site based on the
findings of extent of contamination from the RI. The alternatives are
screened and evaluated for factors of effectiveness, imp1ementability,
and cost. As a result of this evaluation, an alternative is recommended
for implementation.

1-1
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2.1 SCREENING CRITERIA AND METHODOLOGY

Comprehensive lists of remedial technologies, organized by general
response categories, are presented in Guidance on Feasibility Studies
Under CERCLA (EPA, 1985), and the Handbook, Remedial Action at Waste
Disposal Sites (Revised) (EPA 1985). For the Gould site, these lists
have been supplemented with information from a number of different
sources, including Dames & Moore project experience files and extensive
contacts with vendors and equipment users. From these sources, tech
nologies sui ted to the Gould site were selected. The selection of
appropriate technologies was guided by site conditions, and by the
nature of the site contaminants. Selection was also guided by technical
criteria based on direction provided in the National Oil and Hazardous
Substances Contingency Plan as revised November 20, 1985, and was sup
ported by a review of the technical literature and by the judgement of
professional engineers.

2.1.1 Remedial Objectives

The remedial objectives discussed in Section 1.4 were used to
determine the general response actions and to select the most appropriate
remedial technologies. These objectives are:

1. To protect human health from effects of contaminants in public
drinking water supplies.

2. To protect human health and the environment from detrimental
effects of airborne metals contamination.

3. To protect human health and the environment f rom detriment.al
effects of contact with contaminated surface water or soils.

4. To protect the water quality of the Willamette River from
degradation because of site contaminants.

2.1.2 Contaminant Characteristics and Site Conditions

At the Gould site, the hazardous substances directly associated

with past site activities are lead, cadmium and arsenic. The RI for the
site concluded that the mosc significant contaminant in quantity and
distribution is lead. ~he RI also detected and confirmed the presence
of organic contaminants 3~ the site. The nature and distribution of the
organic contaminants . r.c i ca tes that they are the result of activities
elsewhere. Therefore, :~:.s FS does not address the health risk or the
environmental degradat:.~~ N~ich may result from the presence of organic
contaminants.

2-2
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Site contaminants are distributed through a variety of materials in
the study area. These materials have widely differing physical proper
ties, and will likely require different treatment or handling tech
niques. Sources of lead in the fill include the battery casing
fragments, the blast furnace matte, the surface and subsurface soiis and
the lake sediments.

Battery casing fragments on the Gould property are distributed
aboveground in piles in the fill, and underwater in the East Doane Lake
remnant. Fragments on the adjacent Rhone-Poulenc property are distri
buted in a layer 5 to 20 feet thick, buried under 5 to 6 feet of soil.
The battery casing fragments are a mixture of metallic lead, lead oxide,
plastic, and a hard rubber called ebonite. Most of the fragments are
mixed with dirt and rocks, with trash from plant operations, with non
lead scrap metal, and with sweepings from zinc alloying operations.

The blast furnace matte is located on the Gould property., inside
the boundary of the pre-1949 Doane Lake. Matte is a heavy, rock-like
slag composed primarily of iron sulfides, together with trace metals
such as antimony and lead. Most byproduct materials from the lead
smelter, including blast furnace slag, speiss (lead arsenides or
antimonides), baghouse dust, skimmings from the drossing (lead refining)
kettles, and sweeping and cleaning materials from the smelter area, were
returned to the blast furnace. The matte was therefore the only waste.
Matte was originally discharged from the smelter in lumps of up to 10
inches cUbed.

Soils and sediments contaminated by contact with fill materials
constitute secondary sources of contamination. During the RI, the most
highly contaminated surface soils were found in separate areas on the
Gould and the Rhone-Poulenc properties. The most highly contaminated
subsurface soils were detected near the battery casing fill. The most
highly contaminated sediments were found in the East Doane Lake remnant.

The results of air modeling indicate that the offsita exposure to
airborne lead from the site is within acceptable levels. This indica~

tion is based on modeling of fugitive dust (see Appendix Al.

Overflow of the East Doane Lake remnant may transport site con
taminants to the Willamette River. Offsite transport by surface water
may result in exposure of aquatic organisms and recreational users to
site contaminants. However, preliminary evaluations indicate that dilu
tion of contaminants by the river will be significant, and will reduce
the risk to acceptable levels.
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Ground-water movement also may transport site contaminants from the

shallow aquifer to the Willamette River, likewise resulting in exposure
of a~atic organisms and recreational users to site contaminants.
However, the Remedial Investigation demonstrated that no significant
off-site transport of contaminants by ground water has yet occurred; nor

is off-site transport likely to occur, due to adsorption and precipita

tion of dissolved contaminants in the soil.

Although direct ingestion of, or direct dermal contact with, site

contaminants by the public appears unlikely due to the industrial nature
of the area and to the lack of access to the site by children, exposure

scenarios developed in the course of the site Endangerment Assessment
examine these exposures, providing a basis for selection of a recom

mended remedial alternative.

2.2 IDENTIFICATION OF GENERAL RESPONSE ACTIONS

From the criteria established in Section 2.1, potential general

response actions were developed. First, published lists of general
response actions, together with typical means for completing the
actions, were reviewed. In developing general response actions, tech

nologies used for other hazardous waste site projects were also exa
mined, as were innovative technologies. The potential general response

. .
actions thus identified are listed in Table 2.2-1.

2.2.1 No Action

The No-Action Alternative is not so much a category of technologies
as a group of activities which can be used to address contamination
problems when no additional remediation will take place. A major ele

ment in evaluating the No-Action Alternative is an estimate of the pat

tern of contaminant migration. Modeling of contaminant transport is

often central to that estimate.

2.2.2 Control of Airborne Contaminant Migration

Airborne pollution from the Gould site consists of fugitive dusts.

Fugitive dusts are particulates that are lifted from the ground by wind

action. Entrained particulates carry lead a~~ other contaminants from
the site. Entrainment could occur at the site, or from contaminated
soils carried by vehicles from the site to city streets. Excavation and

other construction activities may substantially increase the generation

2-4
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GENERAL RESPONSE ACTION CATEGORIES AND
ASSOCIATED REMEDIAL TECHNOLOGIES
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General Response Action

No Action

Control of Airborne Contaminant
Migration

Control of Surface Contamination

Control of Subsurface Contamination

Control of Contaminant Migration in
Surface Water

Control of Contaminant Migration in
Ground Water

Technology

Air Quality Monitoring
Monitoring of Wells
Monitoring of Surface Water

Surface Treatment
Removal of Surface Soils

for Treatment or Disposal
Removal of Battery Casings

for Treatment or Disposal
Installation of Wind Fences

or Screens

Surface Treatment
Removal of Surface Soils

for Treatment or Disposal
Removal of Battery Casings

for Treatment or Disposal

Removal of Subsurface Soils
for Treatment or Disposal

Removal of Battery Casings
for Treatment or Disposal

Removal of Matte for
Treatment or Disposal

Surface Treatment
Surface Water Treatment
Removal of Sediment for

Treatment or Disposal
Removal of Battery Casings

for Treatment or Disposal

Surface Treatment
Leachate Plume Barriers
Ground-water Removal for

Treatment and Disposal
Water Treatment
Removal of Sediment for

Treatment or Disposal
Removal of Battery Casings

for Treatment or Disposal
Removal of Matte for

Treatment or Disposal
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TABLE 2.2.1 (Continued)

Technology

•
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Disposal of Treated Materials

Institutional Controls

Disposal of Treated Soils
Disposal of Treated

Sediments
Disposal of Battery Casing

Materials
Disposal of Matte
Disposal of Treated Water

Well Permit Restrictions
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
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of fugitive dust at the site. The generation of fugitive dust by
construction activities, as well as dust suppression techniques, is
covered in Section 6.0, Detailed Evaluation of Remedial Alternatives,
and will not be discussed further here.

Methods for controlling fugitive dust include the application of
physical or chemical stabilizers, surface paving or capping, soil fixa
tion or solidification, soil removal, revegetation, and wind fences or
screens.

2.2.3 Control of Surface Contamination

Exposed contaminants at the Gould site may contribute to airborne
pollution, leaching of contaminants to the ground water, contamination
of surface runoff, and direct contaminant ingestion. Methods for miti
gating surface contamination include some of the methods for controlling
fugitive dust.

2.2.4 Control of Subsurface Contamination

It has been assumed that the subsurface contaminants are located
inside a one-foot-thick layer of soil surrounding the casings and matte
on both the Gould and Rhone-t:'oulenc pr~perties. This assumption' is
based on sampling of the soil surrounding th~ fil~, which demonstrated
only isolated areas of high lead concentration. The underlying soil'was
originally Doane Lake sediments before placement of fill. Methods for
controlling subsurface contamination include in-situ fixation, stabili
zation or vitrification, and soil removal for treatment and/or disposal.

2.2.5 Control of Contaminant Migration in ?urface Water

Surface runoff and ponded surface water may leach site contaminants
from surface soils, from exposed fill or from lake sediments. For the
surface soils and the exposed fill~ contaminant leaching may be
controlled by the application of physical or chemical stabilizers, by
surface paving or capping, by soil fixation or solidification, or by
soil removal. Some of these controls may be applied to lake sediments,
as well. It has been estimated that contaminants in the East Doane Lake
remnant are contained within the first foot of sediments •
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2.2.6 Control of Contaminant Migration in Ground Water

Ground-water movement may transport contaminants from the site to
the surroundings, where aquatic organisms and recreatio~al users may be
exposed to them. Movement of ground water may be controlled by physical

barriers to flow. Migration of contaminants in ground water may be
controlled by treatment or removal of the contaminant source: that is,

the fill, the sediments and the contaminated subsurface soil.

2.2.7 Institutional Controls

Institutional controls are local or state regulations that can be

enacted and enforced to protect the public health in the vicinity of a
hazardous waste site before, during or after remediation.

2.3 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

Concurrent with the identification of general response actions,
which has been detailed above, technologies associated with the actions
were determined. Feasible technologies are listed with the general
response actions in Table 2.2-1. Most of the technologies listed are
general categories, for which several specific technologies exist. A

detailed list of the specific" technologies is presented in Table 2.3-1 •

This section explains the general response action categories,

introduces and describes the associated remedial technologies outlined
in Table 2.3-1, and presents the results of the technology screening
process.

2.3.1 No Action

Description

Under the No-Action Alternative," a long-term monitoring program

would be implemented to provide continuing information on contaminant
migration. Surface water and groundwater would be sampled quarterly at
monitoring wells. The monitoring program would include quarterly air
quality monitoring, as well.

Initial Screening

There are insufficient grounds to dismiss the No-Action Alternative
as infeasible or inappropriate at this time. Indeed, the alternative
may be viable for portions of the Gould site. In accordance with the
National Contingency Plan, the No-Action Alternative will be considered

2-8
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TABLE 2.3-1

.REMEDIAL ACTION TECHNOLOGIES APPLICABLE TO THE GOULD SITE

Page 1 of 10

I. No Action

A. Monitoring
1. Air Quality Monitoring
2. Monitoring Wells
3. Monitoring of Surface Water

II. Control of Airborne Contaminant Migration

A. Surface Treatment
1. Paving or Capping

a. Asphalt
b. Portland Cement
c. Layered Cover System

2. Fixation/Stabilization
a. Asphalt
b. Portland Cement
c. Lime Treatment
d. Pozzolanic Cementation
e. Proprietary Technologies

• (1) Weston Services, Inc.
(2 ) Silicate Technologies, Inc.

3. Revegetation

B. Surface Soil Treatment/Disposal

••

1. Soil Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Precipitation
(2) Acid or Base Leaching
(3) Chelation

g. In-Situ Treatment
(1) Solution Mining
(2) Weston Services, Inc.
(3) Silicate Technologies, Inc.
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TABLE 2.3-1 (Continued)

tit Page 2 of 10

3. On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
4. Off-Site Disposal

C~ Battery Casings Treatment/Disposal

•

1
2.

3.
4.

s.

Casings Removal for Treatment/Disposal
Recycle of Casing Materials
a. Component Separation

(1) MA Industries, Inc.
(2) Polycycle Industries
(3) Cal West
(4) Heavy Media Separation

b. Materials Recycling
(1) Lead
(2) Lead Oxide
(3) Plastic
(4) Ebonite

Incineration of Casing Materials
On-Site Disposal
a. Landfill

(1)" Treated Material
(2) Untreated Material

b. Vault
Off-Site Disposal

D. Installation of Wind Fences or Screens

III. Control of Surface,Contamination

••

A. Surface Treatment
1. Paving or Capping

a. Asphalt
b. Portland Cement
c. Layered Cover System

2. Fixation/Stabilization
a. Asphalt
b. Portland Cement
c. Lime Treatment
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies

3. Revegetation
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B.

TABLE 2.3-1 (Continued)

Surface Soil Treatment/Disposal
1. Soil Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Precipitation
(2) Acid or Base Leaching
(3) Chelation

g. In-Situ Treatment
(1) Solution Mining
(2) Weston Services, Inc.
(3) Silicate Technologies, Inc.

3. On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault .
4. Off-Site Disposal

Page 3 of 10

C. Battery Casings Treatment/Disposal

••

1.
2.

3.
4.

5 •

Casings Removal for Treatment/Disposal
Recycle of Casing Materials
a. Component Separation

( 1), MA Industr ies, Inc.
(2) Polycycle Industries
(3) Cal West
(4) Heavy Media Separation

b. Materials Recycling
(1) Lead
(2) Lead Oxide
(3) Plastic
(4) Ebonite

Incineration of Casing Materials
On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
Off-Site Disposal
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TABLE 2.3-1 (Continued)

~ Page 4 of 10

IV. Control of Subsurface Contamination

•

•e

A.

B.

Subsurface Soil Treatment/Disposal
1. Soil Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Precipitation
(2) Acid or Base Leaching
(3) Chelation

g. In-Situ Treatment
(1) Solution Mining
(2) Weston Services, Inc.
(3) Silicate Technologies, Inc.
(4) In-Situ Vitrification

3. On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
4. Off-Site Disposal

Battery Casings Treatment/Disposal
1. Casings Removal for Treatment/Disposal
2. Recycle of Casing Materials

a. Component Separation
(1) MA Industries, Inc.
(2) Polycycle Industries
(3) Cal West
(4) Heavy Media Separation

b. Materials Recycling
(1) Lead
(2) Lead Oxide
(3) Plastic
(4) Ebonite

3. Incineration of Casing Materials
4. On-Site Disposal

a. Landfill
(1) Treated Material
(2) Untreated Material

b. Vault
5. Off-Site Disposal
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•

C.

TABLE 2.3-1 (Continued)

Matte Treatment/Disposal
1. Matte Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Precipitation
(2) Acid or Base Leaching
(3) Chelation .

g. In-Situ Treatment
(1) Solution Mining
(2) Weston Services, Inc.
(3) Silicate Technologies, Inc.
(4) In-Situ Vitrification

3. On-Site Disposal
a. Landfill

(1) Treated Material
. (2) Untreated Material

b. Vault
4. Off-Site Disposal

Page 5 of 10

••

V. Control of Contaminant Migration in Surface Water

A. Surface Treatment
1. Paving or Capping

a. Asphalt
b. Portland Cement
c. Layered Cover System

2. Fixation/Stabilization
a. Asphalt
b. Portland Cement
c. Lime Treatment
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies, Inc.

3. Revegetation
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TABLE 2.3-1 (Continued)

• Page 6 of 10

B. Surface Water Treatment
1- Sedimentation
2. Filtration
3. Neutralization
4. Precipitation
S. Distillation
6. Ion exchange
7. Reverse Osmosis

C. Sediment Treatment/Disposal
1. Sediment Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2 ) Silicate Technologies
(3 ) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Solution Mining

• (2 ) Precipitation
(3 ) Acid or Base Leaching
(4 ) Chelation

3. On-Site Disposal
a. Landfill

(ll Treated Material
(2 ) Untreated Material

b. Vault
4. Off-Site Disposal

D. Battery Casing Treatment/Disposal

1. Casings Removal for Treatment/Disposal
2. Recycle of Casing Materials

a. Component Separation
(1) MA Ir.J.ustries, .Inc.
(2 ) Polycycle Industries
(3 ) Cal West
(4 ) Heavy Media Separation

b. Materials Recycling
(ll Lead
(2 ) Lead Oxide
(3 ) Plastic• (4 ) Sbonite

•
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• 3.
4.

5.

TABLE 2.3-1 (Continued)

Incineration of Casing Materials
On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
Off-Site Disposal

Page 7 of 10

VI. Control of Contaminant Migration in Ground Water

•

A. Surface Treatment
1. Paving or Capping

a. Asphalt
b. Portland Cement
c. Layered Cover System

2. Fixation/Stabilization
a. Asphalt
b. Portland Cement
c. Lime Treatment
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies

3. ~evegetation

••

B. Leachate Plume Barriers
1. Slurry Walls
2. Grout Curtains
3. Sheet Pile Cutoff Walls
4. Block Displacement Method
5. Injection Recharge

C. Groundwater Treatment/Disposal
1. Groundwater Removal for Treatment

a. Pumping Systems
(1) Well Points
(2) Suction Wells
(3) Ejector Wells

b. Subsurface Drainage Systems
(1) Subsurface Drains
(2) Trenches
(3) Ejector Wells
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D.

E.

TABLE 2.3-1 (Continued)

Page 8 of 10

2. Groundwater Treatment
a. Sedimentation
b. Filtration
c. Neutralization
d. Precipitation
e. Distillation
f. Ion exchange
g. Reverse Osmosis
h. In-Situ Treatment

(1) Permeable Treatment Beds
(2) In-Situ Physical/Chemical Treatment
(3) In-Situ Vitrification

Sediment Treatment/Disposal
1. Sediment Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Thermoplastic Binding
d. Pozzolanic Cementation
e. Proprietary Technologies

(1) Weston Services, Inc •
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

f. Soil Washing/Leaching
(1) Solution Mining
(2) Precipitation
(3) Acid or Base Leaching
(4) Chelation

3. On-Site'Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
4. Off-Site Disposal

Battery Casing Treatment/Disposal
1. Casings Removal for Treatment
2. Recycle of Casing Materials

a. Component Separation
(1) MA Industries, Inc.
(2) Polycycle Industries
(3) Cal West
(4) Heavy Media Separation

b. ,Materials Recycling
(1) Lead
(2) Lead Oxide
(3) Plastic
(4) Ebonite
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• 3.
4.

5.

TABLE 2.3-1 (Continued)

Incineration of Casing Materials
On-Site Disposal
a. Landfill

(1) Treated Material
(24943)Untreated Material

b. Vault
Off-Site Disposal

Page 9 of 10

VII. Disposal of Treated Materials

A. Disposal of Treated Soils
1. On-Site Disposal

a. Landfill
(1) Treated Material
(2) Untreated Material

b. Vault
2. Off-Site Disposal

•
B. Disposal of Treated Sediments

1. On-Site Disposal
a. Landfill

(1) Treated Material
(2) Untreated Material

b. Vault
2. Off-Site Disposal

••

C. Disposal of Battery Casing Fragments
1. Component Separation

a. MA Industries, Inc.
b. Polycycle Industries
c. Cal West
d. Heavy Media Separation

2. Materials Recycling
a. Lead
b. Lead Oxide
c. Plastic
d. Ebonite

3. Incineration of Casing Materials
4. On-Site Disposal

a. Landfill
(1) Treated Material
(2) Untreated Material

b. Vault
5. Off-Site Disposal
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• D.

TABLE 2.3-1 (Concluded)

Disposal of Treated Matte
1. On-Site Disposal

a. Landfill
(1) Treated Material
(2) Untreated Material

b. Vault
2. Off-Site Disposal

Page 10 of 10

E. Disposal of Treated Water
1. Recharge of Treated Water

a. Well Points
b. Trenches

2. Discharge to Water Body
a. Discharge to Wil1amette
b. Discharge to East Doane Lake Remnant

3. Discharge to Sewer
4. Evaporation

VIII. Institutional Controls

A. Well Permit Restrictions
B. Site Access Restrictions

• C. Land Use Restrictions
D. Deed Restrictions
E. Sale Restrictions

••
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•
further, during the detailed evaluation of the alternatives. The accep
tability of this alternative will be judged in relation to the site con
taminants and the hazards that they pose.

2.3.2 Surface Treatment Technologies

Identified response actions have the ability to control fugitive
dust. However, not all technologies are applicable to all situations
that require dust control. Land use around the site is industrial.
Much of the fill on the Gould property is exposed. Vegetation would not
be likely to survive on the exposed battery casing fragments; and wind
fences or screens would not be effective on much of the site.

Dust entrainment is related to the surface crust. Physical and
chemical stabilizers such as water, gravel or calcium chloride are tem
porary measures that decrease dust entrainment for a few hours to a
month. Because their effect is temporary, physical and chemical stabi
lizers are not considered further, except in conjunction with dust
control during construction.

•
2.3.2.1

.Description

Paving or Capping

••

Paving or capping the site will effectively prevent the generation
of fugitive dust, providing an impenetrable surface. There are many
paving and capping techniques, most of which use mUltiple layers of com
patible materials. These techniques also prevent the infiltration of
surface water.

PaVing can be of bituminous asphalt concrete or Portland cement
concrete. Generally for traffic areas, paving consists of a well
compacted sublayer, a layer of aggregate, and at least one surface layer
of either asphalt concrete or Portland cement concrete. The thickness
of each layer is dete~ined by the anticipated traffic load. For non
traffic areas, light-duty paving membranes may be sufficient. Sprayed
bituminous membranes, generally one-quarter-inch thick, require special
equipment for application. The asphalt is blown hot with a phosphoric
catalyst, and solidifies as it cools. Sprayed membranes may be rein
forced with po.Lypropy i ene fabric underliners. They may also be pre
fabricated as bitumen-'::Ja:ed fiber mats reinforced with jute or hemp.
For severe environmer.:s. sprayed sulfur membranes can substitute for
asphalt or cement cove~o.
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•

••

A cap can be a single layer of relatively impermeable and erosion
resistant material such as clay or silty clay. For example, bentonite
is a natural clay which is composed primarily of montmorillonite, and
which is extremely fine-grained and absorbent. Its properties make it
suitable for mixing with soil and water to produce a low-permeability
cap. Any clay cap must be kept moist to prevent cracking. This is
usually accomplished by covering the cap with a layer of soil and vege
tation.

Flexible synthetic membranes are made of polyvinyl chloride (PVC),

chlorinated polyethylene (CPE), ethylene-propylene rubber, butyl rubber,
hypalon and neoprene, or elasticized polyolefin. Thin sheets are
available for producing cover liners. The sheets come in various widths
which are overlaid and spliced in the field. Special welding tech
niques, adhesives and sealants are used to join the sheet edges.

Capping using clay, a sprayed membrane or a synthetic membrane will
usually require a mUlti-layered system. MUlti-layered covers may be
arranged, from top to bottom, as follows:

1. Topsoil
2. Drainage layer
3. Barrier tayer or membrane
4. Buffer layer
5. Contaminated soil

Layering is an effective technique that combines different materials to
control water infiltration, to protect barrier layers, and' to support
vegetation. Requirements of RCRA stipulate that layered systems be used
to cover landfills.

Initial Screening

Concrete and bituminous paving are vulnerable to cracking and che
mical deterioration, but the cracks can be exposed, cleaned and
repaired. Concrete covers have a design life of about 50 years. The
cost of Portland cement concrete construction is relatively high com
pared to other methods, although maintenance costs are relatively low.
The more exotic sulfur covers are not warranted by the type of con
tamination at the site. Sprayed or synthetic membranes are not durable
enough to protect the site surface without a covering layer of vegetated
top soil. Synthetic membranes have a maximum design life of about 20
years, but may be vulnerable to tearing, oxidation, burrowing animals
and plant roots. On the other hand, membranes isolate the contaminated
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soil from the actions of wind and surface water. Membranes may be used
as part of a layered system, even though they require special placement
and covering procedures.

concrete and layered
consideration, during

Asphalt concrete, Portland cement
systems have been retained for further
detailed evaluation of the alternatives.

2.3.2.2 Fixation/Stabilization

Description

cover
the

•

••

Fixation and stabilization techniques physically or chemically fix
contaminants in a matrix. Some of the techniques result in a solid,
stable material which can be used for dust suppression, whereas others
result in a friable, soil-like material.

A common and accepted means of soil stabilization is addition of
asphalt, Portland cement or flyash to create stronger soil bonds and
thereby reduce dust. Portland cement and asphalt are suitable for
~x1ng with sandy soils to stabilize and waterproof the soils.
Procedures for mixing, spreading and compacting must be tailored to the
site. For a soil-cement cover, app~oximately 8 percent by weight dry
cement is blended into the soil with water, using a rotary hoe or a :
tiller. Intermittent sprinkling over several days may be required for
adequate compaction and ~olidification.

Soils may also be treated with lim~ and/or flyash, both of which
contribute pozzolanic (cementing) properties to the resulting mixture,
optimize the grain size distribution and reduce soil shrinking and
swelling. Lime applied as calcium oxide or hydroxide is suitable for

cementing clayey soil. Also, addition of lime is recommended for
neutralizing acidic cover soils, thereby reducing the ability of heavy
metals to leach. If a synthetic liner is used, liner life can be
extended by the addition of lime to supporting soil. Sands and gravels
are more suited to treatment by a combination of lime and flyash than
are clays. These materials are applied by rotary tilling, followed by
water addition and compaction.

Flyash can be used as a soil additive, or as a cover layer.
Essentially a silt with pozzolanic properties, flyash condenses as a
boiler emission at coal-fired power plants and collects on electrostatic
precipitators. Lime is usually added to flyash before placement.
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•

A number of chemical stabilization methods have been formulated for
treatment and disposal of hazardous wastes. These methods are often
cement~, lime- or pozzolanic-based, and use special chemical additives.
Some of the methods are proprietary. Besides suppressing fugitive dust,
chemical stabilization methods may also prevent water erosion, limit

contaminant solubility and/or detoxify the contaminant. Generally, the
primary purpose of these methods is to prevent contaminant leaching.

A complete discussion of chemical stabilization methods is included
in Section 2.3.3.2. Two of the proprietary methods discussed which are
applicable as surface treatments are those of Weston Services, Inc. and
of Silicate Technologies, Inc.

Initial Screening

Soil modified by addition of asphalt, cement, lime or flyash beco
mes rigid and susceptible to cracking, and will gradually disintegrate
due to settling, freeze-thaw cycles and traf f ic. Therefore, these
treatments are unsuitable for traffic areas. In non-traffic areas,
limited durability will necessitate maintenance and replacement during
the 30-year design period. Lime solidification may reduce the solubi
lity of lead in surface and ground water~ but it. may also ~ontribute to
airborne dust emissions as it dries.

All of the surface treatment methods discussed above have been
retained for further consideration, during the detailed evaluation of
the alternatives.

2.3.2.3

Description

Revegetation

••

A vegetative cover may be a cost-effective means of stabilizing the
surface of the site, when placement is preceded by surface sealing and
grading. Vegetation decreases erosion and contributes to the develop
ment of a naturally fertile and stable surface environment. Also, reve
getation will improve the appearance of the site.

Long-term vegecative stabilization involves the planting of
grasses, legumes and shrubs. Grasses such as fescue and lovegrass, with
dense root systems that anchor soil and reduce wind erosion, provide a
quick and lasting ground cover. Legumes (lespedeza, vetch, clover,
etc.) store nitrogen in their roots, enhancing soil fertility and
assisting the growth of grasses. Shrubs such as bristly locust and
autumn olive also provide a dense surface cover.
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Initial Screening

Revegetation is very effective at reducing air pollution from fugi
tive dust when combined with some type of surface seal. Proper selec
tion of plant species is imperative to avoid the need for excessive care
and irrigation. Revegetation has been retained for further con
sideration.

2.3.2.4

Description

Installation of Wind Fences or Screens

•

In an area such as a topographic depression where there is no vehi
cular traffic, wind fences or screens can reduce the dispersion of fugi
tive dust. Screens of vegetation or fences which are relatively
impermeable will deflect the wind from surface soils.

Initial Screening

Wind screens can be somewhat effective in reducing the dispersion

of particulates from a site, provided the wind is moderate, and no traf
fic is allowed in the area. The Gould site is a moderately windy site
without a strong prevailing wind direction. Given the uncertainty of
effectively screening wind at the site, this· approach has not been
retained for further consideration.

2.3.3 Soil, Sediment and Matte Treatment Technologies

Contaminated fill at the Gould site may contribute to airborne
pollution, leaching of contaminants to the ground water, contamination of
surface runoff, and the availability of contaminants for direct
ingestion. Options for treating fill materials include:

••

o

o

o

o

o

o

o

Cementation with asphalt or Portland cement
Lime treatment
Thermoplastic Binding
Pozzolanic Cementation
Proprietary Technologies, i.e., Weston Services, Inc., Silicate
Technologies, and LOPAT Enterprises, Inc.
Soil Washing or Leaching by chemical precipitation, leaching
with acid or base, or chelation
In-Situ Treatment, i.e., solution mining, certain proprietary
technologies (Weston Services, Inc. or Silicate Technologies,
Inc.), or in-situ vitrification.
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2.3.3.1 Fill Excavation for Treatment/Disposal

Excavation of the fill from the Gould site would be the first step

for treating and restoring the material by other than in-situ methods,
or for off-site disposal. Fill removal would achieve the remedial

objectives listed in Section 2.1.1, eliminating specific contaminants
and halting ground-water contamination due to leaching. However, excava

tion may temporarily increase the airborne dispersal of site con

taminants due to the generation of fugitive dust. In addition,
excavation may temporarily increase the leaching of contaminants to the

surface and ground waters, due to mechanical agitation.

Conventional earthmoving machinery would be used to extl';'act the

contaminated fill. The placement of material, the required removal
rate, and the degree OF material segregation needed dictate which exca

vation methods can be ",...p l.oyed , Required removal rate depends on treat

ment plant capacity, on the capacity of transport equipment and on

cleanup schedule. The objectives in selecting an approach to excavation
are: (1) to match the feed rate of treatment processes~ (2) to choose

equipment which can handle all of the fill materials~ and (3) to provide

compatibility with materials handling and transportation systems.

. Excavation of contaminated surface soil is easily achieyed because
of the shallow depth o·f the required excavation. Surface soil may be

removed using a wheel tractor-scraper, a dragline or a clamshell.

The selection of equipment for excavating the battery casing
fragments must consider their placement. Casings are piled above grade
on the Gould property, they are submerged in the East Doane Lake rem
nant, and they are layered under 5 or 6 feet of soil on the Rhone

Poulenc property. The coarse, granular texture of the casings

eliminates certain removal options, such as purr. 3, vacuums and fork

lifts. Casings piled above grade can be removed with standard excava

tion equipment, such as wheel loaders, hydraulic front shovels, backhoe
excavators, draglines, or clamshells, for subsequent feeding into treat
ment plant hoppers, conveying systems, or transport vehicles. Casings
submerged in the East Joane take remnant must be handled by equipment
capable of operating under water, such as backhoe excavators, draglines
or clamshells. Casings 8uried on the Rhone-Poulenc property must first
be uncovered by strippl~G 3way the covering soil. The soil cover may be
removed using a wheel ~~1c~or-scraper, a dragline or a clamshell •

It is assumed tha~ ::~anup of sediments in the East Doane take rem
nant will require the ~",,::-C'!a:" of about one foot of the lake bottom•.The
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••

amount of material which must be removed will be determined by the per
missible contaminant concentration levels, as determined by the
endangerment assessment; and by field measurements. The sediment may
contain rocks and battery casing fragments. Sediment may be removed
using a dragline, or by dredging.

The RI concluded that site contaminants are for the most part
bounded by a zone one foot thick surrounding the fill materials. Before
the fill was placed, the soil in this zone was Doane Lake sediment.
When the surmounting fill has been removed, the soil will be very simi
lar to the existing lake sediment. The zone is well below the water
table, and the soil permeability makes it impractical to dewater the
material prior to excavation. Therefore, the method selected for exca
vating the sediments will also serve for excavating the subsurface soil.

Description

Wheel loaders are available in a range of sizes, mounted on rubber

tired wheels with diesel-powered, two- and four-wheel drive. A
hydraulically-operated bucket is attached to the front of the tractor.
The machine is therefore capable of self-loading, and can carry from 1
to 12 cubic yards of material per haul, depending on model. The trac
tors are highly mobile, perform well on flat to gentle slopes, and
require moderate maneuvering space. Maintenance costs are comparatively
low. They may easily be transported to or from the site, and are
readily available for purchase or lease. Because of tractor mobility
and range of bucket operation, loaded material placement is ~xcellent.

Generally, use of wheel loaders is restricted to above or near the
top of the water table. The tractor must be able to closely approach
material which is to be loaded. In determining production output and
costs, digging time, maneuvering time, transport time, dump time and
return time must be considered. Wheel loaders can be used in com
bination with other excavation equipment to improve efficiency.

Hydraulic front shovels are especially suited to moving materials
situated between 25 feet above to 9 feet below grade. Units are
available mounted on crawler tracks, with front arm-and-bucket com
binations that load about 2 to 4 cubic yards. They are available in
both front and bottom dump configurations •

Backhoe excavators are similar in concept to hydraulic front sho
vels. However, a backhoe can excavate to a depth of 18 feet. They are
available mounted on crawler tracks, and have a boom crane and buckets
allowing loads of from 1 to 3 cubic yards.
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Draglines use a boom crane with a bucket hung from cables and
winches for excavation. The bucket is dropped empty into the excava
tion, and then dragged forward and upward toward the tractor. Dragline
capacity is nearly limitless: however, a 4-cubic-yard bucket would be
the largest practical volume for this site. Operating at 45 to 50
cycles per hour, such equipment could extract roughly 150 cubic yards of
material per hour.

Like draglines, clamshells use a boom crane with a bucket hung from
cables and winches. The bucket is dropped into the excavation in the

open position, is closed around the material, and is removed full. A
two-cubic-yard bucket at this site would operate at between 45 and 55
cycles per hour.

Wheel-tractor scrapers are drive tractors with an articulated
scrapper-hopper attached. The tractor pulls the scraper over an area,
and a layer of material is scooped into the hopper. The tractor then
drives to the dump site, where the hopper is emptied. Wheel-tractor
scrappers have hopper capacities of from 20 to 40 cubic yards. They are
limited to a grade of about 20 percent, but do not require an auxiliary
materials transportation system•

A ladder dredge with an excavating head could' be used to. excavate
submerged material. Ladder dredges are pontoon-supported structures
that include a control house and the ladder support and winches. The
ladder is attached to the supports and extends in front of the dredge.
The ladder consists of an excavating head (usually a bucket wheel> and a
pump for removing the excavated material. The ladder is lowered into
the waste and the bucket train rotates, digging up the bed below the
water line. Excavated material may be dewatered and stockpiled, or may
be placed in wet storage.

Initial Screening

Because of the variety of waste locations, excavation using a wheel
loader will require the support of transportation systems (conveyors or
trucks> to move material. In addition, excavation of waste below grade
will be restricted because of limits inherent in those systems: i.e.,
limited conveyor angle or limited slope. Additional earthmoving will be
required to move the transportation system to a lower level. At the
Gould site, use of a wheel loader may be restricted to surface and near
surface materials •

Like the wheel loader, hydraulic front shovels require auxiliary
transportation systems for excavated materials. In addition, excavation
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of waste below grade will be restricted because of limits inherent in
the transportation system. Additional earthmoving will be required to
move fhe transportation system to a lower level. Because hydraulic
front shovels are expensive, they cannot be used effectively in com
bination with other equipment.

A dragline with a 60- to 70-foot boom crane can excavate to a depth
of between 50 and 60 feet. Like the other equipment considered above, a
dragline would require auxiliary materials transportation equipment.
However, supporting transportation systems would not need to be moved to
lower levels, reducing the need for additional earthmoving. Because of
the suitability of the dragline for excavating fill at the Gould site,
it is the prime candidate for extracting the battery casings, matte,
sediment and soils.

A clamshell can excavate to a depth of 200 feet or more. Because
of load limitations on the boom, a clamshell with the same capacity as a

dragline will not have as long a reach. A clamshell also requires auxi
liary materials transportation equipment. Because of the reduced boom
reach, the supporting transport equipment would have to be moved more
frequently than for a dragline. A clamshell may have difficulty
extracting the hardened matte at the site. It is, however, a practical
alternative for the battery casings and soils.

The wheel-tractor scraper is the most suitable unit for removing
the soil covering from the battery casings on the Rhone-Poulenc prop
erty.

The major disadvantage of the ladder dredge is the amount of tur
bulence generated by its operation. Mechanical agitation of the sedi
ments may contribute to leaching of contaminants into the surface water.
In addition, the ladder dredge requires a complicated system of mooring
lines, as well as a great deal of supporting equipment. These disadvan
tages, together with the relative unavailability of equipment, makes the
ladder dredge an unlikely candidate for the removal of sediment from the
site.

2.3.3.2 Surface Soil, Subsurface Soil, Sediment and Matte

Most of the processes for treating the site soils, sediment and
matte require the extraction of material for batch or continuous treat
ment. A few may be performed in situ. Among the methods applicable to
treating the waste materials are several proprietary technologies. The
proprietary technologies provide enhancements of the basic fixation/
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stabilization techniques. They often employ special chemical additives,

•

d often are tailored to a specific pollutant. The proprietary methods
nsidered include processes marketed by weston Services, Inc., Silicate

Technologies, Inc., and LOPAT Industries. The processes that may be
performed in situ include fixation, soil washing techniques and in-situ
vitrifica-tion.

2.3.3.2.1 On-Site Treatment: Fixation/Stabilization

Description

The purpose of fixing or stabilizing fill materials is to physi
cally or chemically contain contaminants, preventing their transport by
ground water or air. The various methods of fixation and stabilization
are most successful when the stabilizing agents are thoroughly mixec;1
wi th soil: this is most readily accomplished when the soils have been
unearthed.

There are four general approaches to the fixation and stabilization
of contaminated soil:

i

•
o

o

o

o

Treatment with Portland Cement Concrete
Lime Treatment
Thermoplastic Binding
Pozzolanic Cementation

A fifth approach, organic polymer binding, has been found ineffective in
fixing metals in soil, and is not considered here.

Of the tour approaches, treatment with Portland cement concrete is
the least sensitive to variations in chemical makeup of the waste. The
end product of cementation may be a monolithic solid, or may be a
crumbly, soil-like material: physical properties depend on the ratio of
soil to cement in the mixture. Cementation is very successful in
treating metal contaminants because, at the pH of the cement mixture,
most multivalent metal cations are bQund up as insoluble hydroxides or
carbonates. However, Portland cement concrete is sensitive to trace
quantities of organics in soil.

Lime applied to soil neutralizes acidity, and supplies the soil
with two essential nutrients: calcium and magnesium. For surface treat

.ent, a maximum of six tons of lime per acre should be applied to
mineral soils. No more than 4 tons of lime per acre should be applied

~t one time, as larger amounts are difficult to mix thoroughly. The pH
of limed soils should be retested every three to four years.
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Silicate Technologies has developed a fixation/stabilization method
which uses a silicate additive known as Soilsorb HM. The additive is
mixed with the waste material in a pug mill. The resulting mixture is
roughly 15 weight percent additive, and within 24 hours sets up to a
solid with a compressive strength of approximately 500 lb/in2.

LOPAT Industries has developed a process called the K-20 Lead-In

Soil Control System. K-20 is a two-part compound that, together with
lime, cement or cement kiln dust, chemically and physically interacts
with lead and other toxic metals. K-20 operates by (1) penetrating the
soil substrate to form a polymer seal, (2) fixing the metals by precipi
tation as insoluble silicates, and (3) encapsulating the precipitated
metal silicates in a cement-like matrix. The manufacturer cla.ims suc
cessful application of the product to incinerator and cement kiln ash,
furnace slag, metal salvage waste, sludge and soil.

Initial Screening

Each of the cementation techniques appears to be feasible for reme
diating the Gould site, and has been retained for further consideration
during the detailed evaluation of the alternatives.

Lime ~reatment may effectively reduce lead transport from the site
by raising the pH of water infiltrating the fill, thereby reducing lead
solubility. Thermodynamic considerations alone suggest that lead solu
bility could be reduced to less than 20 ug/L for a soil pH of between
8.2 and 9.1. Lime treatment has been retained for further con
sideration.

Thermoplastic binding should generally be applied to dried waste.

Otherwise, energy beyond that required for fixation must be supplied
during treatment in order to drive off water. Because much of the fill
at the site is below the water table, dewatering would demand a substan
tial effort. This technology therefore appears economically infeasible
relative to the others considered, and it will not be considered
further.

Curing the RI, bench-scale tests were conducted by Weston Services,
Inc. on soil and sediment from the Gould site (see Section 5.5). Test
results suggest that admixtures of soil and sediment with Portland
cement, cement kiln dus t and lime kiln dust reduces leaching of lead
from these materials. ~~e structural stability and consistency of the
materials were improved, ~s ~ell.
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Testing analogous to that conducted by Weston Services, Inc. was
not attempted for the Silicate Technologies, Inc. stabilization method.
Yet, the two methods are similar enough that the positive results from
Weston can be taken to imply that the Silicate Technologies method could
also reduce leaching of lead from contaminated materials from the Gould
site.

Some testing was performed on the LOPAT K-20 Lead-In-Soil Control
Mixture. During the RI, coating tests were performed using this pro
duct, as well as some other coating materials. The purpose of the tests
was to determine if an external coating of the K-20 mixture could reduce
leachable lead from battery casing fragments to below EP Toxicity
levels. The K-20 mixture failed. However, this test does not justify
eliminating the K-20 treatment from further consideration, since (1) it
is being considered for the treatment of soil, sediment and matte,
rather than battery casing fragments, and (2) the test may not have
applied the treatment in strict accordance with the manufacturer's
instructions.

2.3.3.2.2 On-Site Treatment: Soil Washing/Leaching

Description

Contaminants can be washed from soils, using water or an aqueous
solution of acid, base, chelating agent, oxidizing agent or surfactant.
The various methods of soil washing are most successful when the soils
have been unearthed. An agitation leaching process is depicted in
Figure 2.3-1. In this process, acids or bases are used to flush metals
from soil. Excavated materials are fed th;ough an apron feeder and belt
conveyor into a hopper. The materials are then mixed with the leach
solution in continuously stirred leaching tanks. As the contaminants
are drawn into the liquid phase, they are removed for extraction by pre
cipitation, generally brought on by pH' adjustment. The stripped leach
solution is either recycled or treated for disposal. The washed soil is
disposed of by backfilling on-site or by placement in a landfill.

EDTA or other chelating agents can be used to remove metals from
soils. Excavated contaminated soils are mixed with a solution contain
ing the chelating agent, forming a slurry. The slurry is then centri
fuged to separate the clean soil from the metal-contaminated liquid.
The chelating agent is chemically regenerated by extraction of the
metals •
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Initial Screening

Acid leaching has been successfully demonstrated in mining opera
tions, in the extraction of me is from bulk materials. This method has
been retained for further cons~deration.

Chelation processes are largely experimental, and the data avail

able on their effectiveness is not adequate for determining how they
might perform at the Gould site. In terms of effectiveness of econom
ics, no advantage for chelation processes over acid leaching is
apparent. These processes will not be considered further.

2.3.3.2.3 In-Situ Treatment

Description

As noted above, contaminants can be washed from soils in place,
using water or an aqueous solution of acid, base, chelating agent, oxi
dizing agent or surfactant. The contaminants are flushed into the
ground water, which is then collected for treatment. Flushing with an
acid or base is generally known as solution mining.

Both the Weston Services, Inc. and the Silicate Technologies, Inc •
methods can be applied in-situ. In pra~tice, the me~hods would be only
partially in-situ, since extensive excavation and soil movement would
accompany removal of the battery casings.

Pacific Northwest Laboratories (PNL) has developed an innovative
soil-melting technology which it has named in-situ vitrification. The
process passes an electric current through the soil, between two
electrodes set in the ground. The resistance of the soil to electric
current generates enough heat to decompose organic contaminants and melt
soil and rock, sealing residues and metallic contaminants into a glass
like matrix. Materials within the melt are uniformly mixed by convec
tion currents. Gases evolved by the process are captured by an off-gas
collection and treatment s¥stem.

Initial Screening

The RI indicated that lead in the soil has not migrated substan
tially since placement of the fill. It is likely that lead solubilized
from the fill has adsorbed onto soil particles. Given the low solubil
ity of lead in general, it seems doubtful that solution mining using a
dilute acid can successfully desorb the lead in the soil, or adequately
mobilize lead in the fill for its extraction in groundwater. In addi-
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tion, the introduction of chemicals into the site fill risks their
introduction into the ground water. Solution mining there-fore appears
inapplicable to this site, and it will not be considered further.

While fixation and stabilization techniques will be most successful
when applied to excavated soils, there are insufficient grounds for
dismissing in-situ fixation/stabilization methods as infeasible or
inappropriate at this time. Therefore, these methods have been retained
for further consideration during the detailed evaluation of the alter
natives.

In-situ vitrification has been successfully tested at the Hanford

site. However, the method is still experimental, and further testing
must take place before routine application of the process to hazardous
waste cleanup. Also, the power required by the process makes this an
expensive technology. In-situ vitrification will not be considered
further.

2.3.3.3 Battery Casings

2.3.3.3.1 Recycle of Casing Materials

Recycling of materials mixed into the battery casing fragments
contributes towards achieving the remedial objectives listed in Section
2.1.1. Recycling also reduces the quantity of material that must be
disposed of as hazardous waste. In addition, recycling offers the bene
fit of obtaining a product from the waste which may have a higher econo
mic value than the waste itself.

COMPONENT SEPARATION

Description

The first step in recycling any of the materials mixed into the
battery casing .fragments is component separation. Equipment for battery
recycling is available and in use: however, separation of materials from
the fragments on the site is different than separation of materials from
whole batteries. As part of this FS, some testing of existing battery
recycling equipment was performed (see Section 5). That testing was
somewhat inconclusive, but indicated that additional modification of
available equipment will probably be necessary before on-site separation
can be considered a practical technology.

MA Industries, Inc. of Peachtree City, Georgia, manufactures two
systems for battery reclamation and classification. The complete system
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is designed to crush and classify whole, undrained lead acid batteries •
The Top Case system is designed to classify only tops and cases. The.
complete system can process from 4.4 to 35.0 tons of batteries per hour;
the Top Case system can process from 3.4 to 7.7 tons of tops and cases
per hour. A generalized flow diagram for the MA Industries systems is
provided in Figure 2.3-2. Operation proceeds as follows:

1. Either whole batteries or just tops and cases are fed into a
stainless steel hammermill crusher. In order to reduce dust
and control airborne lead, water is sprayed into the hammermill

with the feed materials.

2. Product from the hammermill is directed to a screen conveyor.
Lead oxide passes through the screen, and is routed to a series
of wet oxide classifiers. After classifying, separated oxides
may be dewatered and densified in an optional dewatering unit.

3. Lead metal is separated from the battery casing fragments by
settling in a wet classifier. The fragments are washed on a
second screen conveyor to remove any residual lead oxide.

4. Plastic is separated from ebonite in an agitated flotation
tank. These two materials are then washed with fr~sh water.

Product streams from the MA Industries machines are lead, lead
oxide, plastic and ebonite. The wet classification system reduces dust
generation to a minimum. Stainless steel construction reduces equipment
corrosion due to contact with battery acid.. Efficient water use is
achieved through recycle. Additional water savings can be realized
through water treatment in an optional treatment facility.

Battery separation
Industries and Cal West.
similar to those used by

machines are also available through Polycycle

Cal West is reported to use processes that are
the MA Industries machines.

1. Whole batteries or battery fragments are fed into a hammermill
crUsher. A wa:er spray reduces airborne lead •

2. From the crus~er, the material is passed through a wet classi
fier. Three ~a:erial streams exit the classifier: a) plastic;
b) combinaticn ~: ebonite and lead; and c) combination of lead

•e

The Polycycle process is not
Industries, but the sequence of steps
Polycycle process is described below:

fundamentally different from MA
and equipment show variation. The

2-35

scoEPA00004433



•• • •

Uommll:,",.1I

Wate' flo..

Sol'" "01."015 flo_

--~ lead/Uclal

Au Con••,OI'

II

O
UuUe... CQ~"I(Js

"om Sluc"pae

-.' ApuJR
fcede •

L~ Rack

Cony~)'o.

. ------------------j r-
tf 0=

·,,·,:···,,·,,·,:,,,··,,·,,•,,,,,,

iii II
i,CI ;l

O.id. Collection Auge' v t
! II"D.id. D••ole,iAg OAdi . "", Denci'riAg UAil

__~ OClIlo'•• cd
', O ..i.des

...
~

NL IND. INC./GOULD INC.
fEASlUUrv SJUOY

HYOIlO-Cl ASSlfICAllOH SYSU'M

DAMES a MOOREflG_ 2.:1-2"
.L.-_------------------~----.I

scoEPA00004434



•

•

••

oxide, dirt, mud and small dense debris (rock, etc.). Plastic
and lead oxide are recycled.

3. The ebonite/lead stream is washed to remove any remaining lead
oxide or dirt; the material is then dried.

4. After drying, the ebonite/lead is passed through a dry separa
tor. Lead is recycled.

s. Ebonite is ground to a coarse, medium, or fine particle size,
then packaged for recycling.

Another method that is very effective in separating solids of dif
fering specific gravities is heavy-media separation. Separation is
accomplished using a fine-grained solid of high specific gravity,
suspended in liquid. Solids of a SUfficiently high specific gravity
that are introduced into the suspension sink, 'while solids of a low spe
cific gravity float. The method is extensively used for beneficiating
ores, and is finding increasing use in the processing of shredded auto
mobile scrap (R. H. Perry and C. H. Chilton, 1985). Heavy-media separa
tion plants are usually custom-designed for their specific application •

A heavy-media separation plant is illustrated in Figure 2.3-3. The
plant includes a shredder, a heavy-media separator, a spiral classifier,
a sink/float cone, a magnetic separator, a clarifier and a make-up
system for the heavy-media suspension. The shredder reduces battery
casing fragments to roughly 1/4-in. Fragments discharged from the
shredder into the heavy-media separator mix with a magnetite and water
suspension having a specific gravity of 1.7. Lead and lead oxide sink
through the separator and are removed by a bucket wheel. The lead and
lead oxide pass to a spiral classifier, where they are separated from
the magnetite slurry. Plastic and ebonite float, and are skimmed off

and discharged to a sink/float cone. The sink/float cone uses water to
separate the plastic from the ebonite. Magnetite is recovered from the
heavy-media separator, the spiral classifier and the sink/float cone by
a magnetic separator. Water from the magnetic separator is clarified to
remove residual lead and lead oxide.

Initial Screening

Each of the hydro-classification systems marketed by MA Industries,
Inc., Polycycle Industries, and Cal West may be capable of separating
the components of the battery casing fill at the Gould site. MA
Industries is the apparent leader in the battery recycling industry.
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Polycycle has designed and sold several recycling and classification
systems and has developed a marketing capability for material recycle.
Cal West units are of an older design than the MA Industries machines.
The hydro-classification concept has been retained for further con
sideration.

Heavy-media separation is not effective for separating material
containing a substantial fraction of material that is less than about
0.5 Mm. Analyses of fill particle-size distributions conducted during
the RI show that much of the fill is smaller than 0.5 mm. Therefore,
heavy-media separation will not be effective at separating site fill.
This technology will not be considered further.

MATERIALS RECYCLING

Description

The primary materials contained in the battery casing fragments 
lead, lead oxide, plastic, ebonite and matte-all bear the potential for
reuse, provided that they can be adequately separated. Lead and lead
oxide may be recycled through a primary or secondary lead smelter.
Plastic may be sold as a feed stock to the operators of injection
molding facilities. Ebonite is potentially recyclable for its heat con
tent, or for use as an additive for s.pecial applications. Even matte
may potentially be crushed and added to the lead oxide for recycling
through a smelter.

Because the heat content. of ebonite is about 12,000 Btu/lb, its use
as a fuel could provide an economic return, as well as reducing the
quantity of fill that must be disposed of as hazardous waste. ASARCO
operates a primary lead smelter at their East Helena plant. There, the
firm manufactures lead bullion from ores and concentrates. Battery
casing fragments could be used as blending materials for the feed to the
plant blast furnace or reverbatory furnace. The heat content of the
casinqs would o~fset furnace fuel requirements. In addition, lead con
taminants would be captured in the plant lead product, while silica in
the soil might be a useful fluxing agent. Cement kilns capable of
burninq solid fuel may also be capable of burning pulverized battery
casings as auxiliary :~el in their rotary kilns. The heat content of
the battery casing fragments would be used by the kiln, and residual
lead would be diluted in the cement product •

Polycycle Industries has developed a process for converting ebonite
into several products which are useful for drilling wells for oil, gas
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and sulfur. The products are added to drilling fluids, are employed as
lubricants and are used as an additive for cement. However, low petro
leum pzLces have discouraged well-drilling activities, lessening the
demand for the Polycycle products.

Ebonite could also be ground up for use as an asphalt additive for

application to road surfaces.

Initial Screening

Recycle of all of the components of the battery casing frayments is
possible, and has been retained for further consideration. Recycling
possibilities, however, depend on the level of component separation that
can be attained. Recycle of lead oxide through secondary lead smelters
requires a purity of at least 80 percent. Recycle of plastic by the

operators of injection molding facilities will require an even higher
degree of purity.

Of the recycling options, recycling of ebonite will be the most
difficult. Recycling of ebonite would be attractive if viable, espe
cially since the ebonite is the largest portion 6f the battery casing
mixture. This alternative has been retained for further consideration.
The reuse of ebonite in asphalt would also be attract~ve if viable,
since a product of increased economic value would be obtained. This
alternative, too, has been retained for further consideration.

There are elements in the ASARCO organization that consider inci
neration of the ebonite a liability, ana that are opposed to accepting
it. It Ls evident from discussions with ASARCO that no credit will be
provided for the heat value in the casings. In view of the reluctance
of the firm to accept the casings, this recycling option will not be
considered further.

In preliminary discussions regarding battery casing incineration,
Canada Cement Lafarge have indicated that to be used as fuel, recycled
material must have a lead content of no more than 0.25 percent, and a
lower lead content may be stipUlated. The degree of separation of bat
tery casing fragments from soil which the cement kil:- nay require is
not known at present. Also, the practicality of r educxnq the battery
casing fragments to the size required for cement kiln feed is not known
at present. Casing i~cl~eration at a cement kiln has been retained for
further consideration. 3.1 though there may be administrative difficul
ties in exporting materials to Canada Cement Lafarge (see Appendix D).
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Recycling of matte is the most tenuous at this time. Representa
tives of Polycycle have indicated the possibility of using matte to
enhance the lead content of lead oxide prior to smelting. No commit
ment have been sought obtained.

Of key importance co the issue of recycling is an interpretation of
the regulatory status of materials to be recycled. Materials designated
as hazardous waste are inherently more difficult to recycle because of
the requirement for the recycling facility to obtain a RCRA Treatment,
Storage and Disposal (TSO) permit, and operate the facility in accor
dance with the requirements of 40 CPR Part 264.

NL Industries and Gould have sought clarification of the EPA posi
tion on recycling Gould site materials. The EPA position is provided in
a letter contained in Appendix D.

2.3.3.3.2 Incineration of Casing Materials

As discussed above, incineration may recover heat value from the
battery casing fragments. Incineration may also be used to burn off the
combustible portions of the fragments, reducing the volume which must be
disposed of as hazardous waste •

Description

A mobile incineration system, such as the Shirco Infrared Process
ing System, coulu be operated on site to incinerate the battery casing
fragments. A process flow diagram of a typical mobile incineration
system is provided in Figure 2.3-4. Such a system could process between
100 and 250 tons of b~ttery casings a day. The system consists of four
components: an electric-powered infrared primary furnace, which operates
at up to 1850 oF.; an infrared or gas-fired afterburner, which operates
at temperatures near 2300oF.; an emission control system; and the pro
cess controls. These mobile incineration systems can be operated to
perform either combustion or pyrolysis.

Pyrolysis can be used to glassify waste, rendering it chemically
stable. A glassification system consists of a glass media feed system,
a glass furnace, a scrUbbing system, and a granUlation system. Waste is
fed into the furnace with the glass, where the two are melted. The
glass bed in the furnace is agitated continuously by air, promoting the
uniform mixing of the waste and the glass. The glass product is
discharged to a granulation chute, where it is quenched with water.
Off-gasses from the furnace are cleaned in a scrubber before discharge
to the atmosphere.
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Initial Screening

Serious doubts exist about whether lead emissions from the inciner
ation of battery casing fragments could be adequately controlled. How
ever, combustion of battery casing fragments has been retained for
further consideration. Glassification, on the other hand, will not be
considered further, due to its higher energy demands and increased
costs.

2.3.4 Water Treatment Technologies

2.3.4.1 Ground-Water Removal for Treatment

In remedying a hazardous waste site, ground-water extraction can be
used for plume interception and containment, for water removal for
treatment, or for gradient modification. Gradient modification consists
of altering the ground-water flow by drawing down the water table at a
point, forming a cone of depression. The altered water table effects
the flow of ground-water contaminants, leading them to the low point for
extraction and treatment or disposal. The areal extent and the gradient
of the cone of depression depends on extraction rate and duration, and
on properties of the aquifer.

Description

Contaminated ground water can be extracted from the earth by
several means. Pumping systems such as well points, suction wells and
ejector wells can perform plume interception, water removal or gradient
modification. A well point system consists of a series of riser pipes
which are screened at the bottom and joined to a common manifold and a
suction pump. They are practical in shallow aquifers up to 30 feet
deep. Individual well points must be close enough that sufficient

drawdown is maintained between the wells: typical spacing is between 3
and 7 feet. A suction well extracts ground water at a single point,
using a suction pump. Operating characteristics of a suction well are
si~lar to those of a well point. An ejector well provides ground-water
extraction at depths beyond the head limit of suction systems. Well and
pump design are based on the well depth and desired rate of water
extraction. Often, submersible pumps are used.

Subsurface drains are constructed of tile or perforated pipe,
placed in a trench surrounded by gravel or similar material, and covered
wi th topsoil or clay. Subsurface drainage systems have been used to
dewater agricultural and construction sites. At an uncontrolled hazar-
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dous waste site, subsurface drains can be installed to collect leachate,
as well as to lower the water table.

Initial Screening

Extraction of cont~inated ground water from the shallow aquifers
underlying the site could be accomplished by one or more of the pumping
systems discussed. Placement of pumping wells downgradient of the site
could prevent the migration of contamination from the site through the
shallow aquifers. For this purpose, an ejector well would not be

necessary, since the shallow aquifers lie at depths of 30 feet or less.

A large portion of the infiltrating water flows vertically through

the basalt bedrock, rather than horizontally through the shallow
aquifers. Pumping systems could not readily be placed to intercept this
vertical flow. Pumping systems would therefore not accomplish the reme
dial objective of controlling contaminant migration in ground water.
pumping systems could be used to control the migration of contaminants
leached from the fill during excavation or treatment operations. For
this purpose, they have been retained for further consideration.
Pumping systems could also be used to remove ground water contaminated
above acceptable levels for treatment and di~posal.

Gravity collection systems such as 'subsurface drains, trenches and
ejector wells can intercept ground water near the surface. The intercep
tion of vertical flow through the basalt, however, would require tile or
pipe placement under most of the site. This placement would result in
the uncontrolled drainage of contaminated water during construction.
Gravity collection systems will not be considered further.

2.3.4.2 Control of Groundwater Migration

Leachate plume barriers consisting of a vertical wall of low
permeability materials can be constructed underground to divert ground
water flow, or to reduce or restrict the movement of a. contaminant
plume. At the Gould site, leachate plume barriers could be used to
divert uncontaminated ground water around the filled areas or to provide
a hydrologic containment for a ground-water treatment system. Five
methods are available for producing a barrier:

0 Slurry Walls• 0 Grout Curtains
0 Sheet Pile Cut-off Walls•• 0 Block Displacement Method
0 Injection Recharge
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Description

A-slurry wall is a fixed underground barrier that is constructed in
a vertical trench which is excavated under a slurry. The slurry, which
is usually a mixture of bentonite and water, hydraulically supports the

trench to prevent its collapse. At the same time, the slurry forms a
filter cake on the trench walls, preventing excessive fluid losses to

the surrounding soil. Once the trench is excavated, the barrier can be
formed by blending soil with the bentonite mixture. In some cases, the
trench is constructed under a slurry of Portland cement, bentonite and
water, and the barrier is formed simply by allowing the mixture to har
den in place. If great strength is needed, the barrier can be

constructed of pre-cast or cast-in-place concrete panels, forming a
diaphragm wall.

A grout curtain is an underground barrier produced by injecting

grout into the soil through well points. Injection points are usually
arranged in two off-set rows. The grout can be a particulate such as

Portland cement concrete, or a chemical such as sodium silicate.

Sheet pile cutoff walls are constructed of webbed sections of sheet

piling which are driven into the ground. Individual sheets are locked
together by a socket-and-ball or a bowl-and-ball joint. On initial
installation, the joints between sheets are not water-tight ~ however,
the joints soon fill with fine- to medium-grained soil particles, which
tend to block ground-water flow. The sheet piling can be steel,
concrete or wood. Sheet pile cutoff walls are typically used in soils
that are loosely packed and consist largely of sand and gravel.

The Block Displacement Method places a fixed underground barrier

around and underneath a block of earth. Injection holes are drilled

into the earth surrounding the site. A slurry forced into the base of

the holes produces a large uplift pressure on the surrounded block. The
uplift pressure fractures the area under the block, raises it, and fills
the reSUlting void with the slurry. The injected slurry thus forms a
horizontal barrier under the block. Perimeter barriers are formed by
the conventional techniques of slurry wall, grout curtain or sheet
piling placement.

Injection of water into an aquifer or an overlying impermeable
stratum can affect ground-water movement. Water injection can cause
mounding, a localized increase in the hydraulic head of the water table,
near the point of in j ect ion. Redirection of ground water can also
effect the movement of a contaminant plume.
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Initial Screening

At the Gould site, a slurry wall, grout curtain or sheet piling
could be locked into the underlying basalt. Placement of one of these
barriers upgradient of the site could prevent lateral infiltration into
the fill~ while placement downgradient of the site could prevent lateral
migration into the aquifer. Enclosure of the fill by one of these
barriers could reduce the amount of water requiring treatment.

A slurry wall can be a cost-effective means of reducing leachate
migration, and of assisting the operation of a ground-water treatment
system. This technology has been retained for further consideration.

A grout curtain can be several times more expensive than a slurry
wall. It can be successfully applied only under certain soil con
ditions, and is generally lnable to greatly reduce the permeability of
unconsolidated soils. 'This technology will not be considered further.

Sheet-pile cut-off walls can be costly, and damage to or deflection
of the pilings in rocky soil will reduce their effectiveness. They are
seldom used, except to limit erosion by surface water which has been
diverted by another barrier, or for temporary dewatering during
construction. Sheet-pile cut-off wal~s will not be considered further.

The Block Displacement Method is most useful when underlying strata
are not sufficiently near the surface for a perimeter barrier alone to
isolate the waste. This condition does not apply to the Gould site: the
method will not be further considered.

Injection of water to modify ground-water flow patterns could
reduce the lateral infiltration of ground water into the site fill.
Water for injection recharge might be available from the willamette
River, from the city water system or from wells in the aquifer upgra
dient of the site. Injection recharge using trenches or galleries is
not considered practical, given the shallow depth of the ground-water
table. Injection by recharge wells, however, is feasible, and has been
retained for further consideration.

2.3.4.3 Water Treatment

A number of technologies exist for treating water for inorganic
contaminants. Technologies which may be applied to contaminants at the
Gould site are:•• o

o

Sedimentation
Filtration
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o

o

o

Neutralization
Precipitation
Distillation
Ion Exchange
Reverse Osmosis

In-Situ Treatment: i.e., permeable treatment beds, in-situ phy

sical or chemical treatment, or in-situ vitrification.

•

Description

Sedimentation removes suspended particles from an aqueous stream by
promoting the settling of solids under the influence of gravity. In
conventional industrial waste water treatment, sedimentation can reduce

total suspended solids to between 10 and 200 mg/L, corresponding to a
removal efficiency of better than 90 percent. Flocculating agents are

often used to enhance the settling of particulates.

Filtration is the physical separation of solids and liquids on a
porous medium. For hazardous waste treatment, filtration can perform
three functions: L) liquid purification by the removal of suspended

solids: 2) dewatering for the volume reduction of waste sludges; and )

filtration to remove particulates from a stream prior to sensitive
treatment processes. In all filtration systems, pressure or suction is
reqUired to force liqUid through the filter medium. Removal of solids
from the filter medium must also be considered. Generally, filtration
is successful at removing particles larger than 25 microns: smaller par
ticles must be agglomerated to be removed by filtration.

Neutralization is .empLoyed to adjust the pH of a waste stream to
levels acceptable for discharge, usually to a pH between 6 and 9. The
adjustment of pH is accomplished by/the addition of acidic reagents or

waste to alkaline streams, or by the addition of alkaline reagents or
waste to acidic streams.

Precipitation is a widely-used, relatively low-cost chemical pro

cess which is commonly used to treat waste containing heavy metals. The
chemical or physical nature of a stream is manipulated to reduce the

solubility of undesirable solutes. The undesirable solutes then preci
pitate from the solution as a solid for removal by filtration or
settling. Precipitation of an undesirable solute may be induced by:

••
o Addition of a chemical that will react with the solute to form

an insoluble compound;
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o

Addition of a chemical that will shift the. equilibrium of the
system, reducing the solubility of the solute: or

Change of the system temperature in the direction that reduces
the solubility of the solute.

Precipitation
Typical reagents are
iron sulfide, ferric

is usually accomplished by chemical
sodium hydroxide, sodium sulfide, lime,
sulfate, phosphate salts and alum.

addition.
iron salts,

•

••

Distillation can be used to remove most inorganic compounds from a
liquid stream. The solution is boiled to drive off the liquid, leaving
the inorganic substances as a residual solid or in a more concentrated
solution.

Ion exchange is the reversible interchange of ions between an inso
luble salt or resin - the ion exchange medium - and an ionic solution.
In the process of ion exchange, unwanted ionic solutes, principally
inorganic species, replace innocuous ions on the resin. Because ion
exchange is for the most part reversible, the ion exchange medium can be
regenerated. Overall, the ion exchange process produces two effluents:
the purified liquid stream, and a periodic stream of spent regenerant,
which contains elevated concentrations of the unwanted ionic solutes.
The efficiency of ion exchange at removing metallic ions is generally.
very high.

Reverse osmosis removes contaminants from an aqueous stream by

forcin~ the stream through a semi-permeable membrane. Under high
pressure, in the range of 200 to 400 lb/in2 (gauge), clean water passes
through the membrane, leaving a more-concentrated waste behind. This
more-concentrated waste must subsequently be treated or disposed of.
The high applied pressures which act as the driving force for separation
counteract the osmotic pressure developed by the dissolved contaminants
- hence the name, reverse osmosis. Typically, semi-permeable membranes
employed for reverse osmosis are impermeable to most inorganic species,
as well as to fine particulates.

Reverse osmosis and ultrafiltration operate in a cross-flow con
figuration. As the waste stream flows through a membrane tube or a
bundle of membrane tubes, purified water flows out through the membrane

at right angles to the direction the waste is flowing. This differs
from conventional f il tration, where the waste passes directly through
the filter medium and the contaminants are trapped on the upstream side •
The cross-flow arrangements of reverse osmosis and ultrafiltration per
mit higher flow rates.
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Methods which have been developed for treating ground water in-situ
may be sensitive to such diverse factors as the characteristics of
ground~water flow, the type of soil comprising the aquifer, the depth of
the aquifer, and the nature of the contaminant.

A permeable treatment bed consists of a trench filled with a reac
tive permeable medium. Contaminated ground water or leachate that enters

the bed reacts with the medium, producing a solid precipitate or a
nonhazardous soluble compound. Contaminant removal may be enhanced by
combination with chemical solution injection. In-situ physical and
chemical treatments involve the direct application of a reactive
material to the site to decontaminate the hazardous substances. An

example of physical treatment is the placement of activated carbon in

soil to adsorb organic materials. Chemical treatments may utilize
neutralization, precipitation and/or oxidation-reduction reactions. The
process of in-situ vitrification of site soil and fill would also
operate to drive off ground water for collection by the off-gas treat
ment system. In-situ vitrification would thus decontaminate the ground
water, permitting it to be recharged or disposed of as nonhazardous.

Initial Screening

Since sedimentation is a common component in a water treatment
system, this technology has been retained for further consideration.

Any liquid with filterable solids can be treated by filtration. At
the Gould site, filtration could be applied as part of a complete water
treatment process. Filtration could be used for pretreatment, par
ticulate removal, polishing and dewatering; or to prevent the off-site
transport of sediments during construction. Filtration has been
retained for further consideration.

Neutralization is a preliminary rtep in water
generally applicable to aqueous leachate streams.
been retained fo~ further consideration.

treatment which is
Neutralization has

••

Precipitation may be one stage in water treatment, and has there
fore been retained for further consideration. However, the theoretical
limits for removal of metal species from solution is often very low, and
the removal achieved is usually one or two orders of magnitude less than
theoretical limits. One factor that can reduce the removal of metals by
precipitation is the action of complexants. Complexing agents in the
waste may hold many species in solution, in spite of the action of pre
cipitating agents.
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Distillation is a technique which may be suitable for removing con
taminants from surface water and ground water at the site. It has been
retained for further consideration.

Ion exchange is an accepted method for removing dissolved inorganic

salts from aqueous streams. This technology has been retained for
further consideration.

Water treatment by reverse osmosis would achieve some of the reme
dial objectives listed in Section 2.1.1, eliminating contaminants from
surface water and ground water and preventing their migration off site.
Reverse osmosis has therefore been retained for further consideration.

Permeable treatment beds are applicable only to shallow aquifers,
since a trench must be constructed to bedrock or an impermeable layer.
At the Gould site, the underlying basalt does not form an impermeable
layer, so that the use of a permeable treatment bed would not be tech
nically feasible. Also, permeable treatment beds are often effective
only for a short time, until the medium loses its reactive capacity or
the bed becomes clogged with solids. The amount of time that a per
meable treatment bed is effective can be increased by over-design, or by
replacement of the medium. Use of a permeable treatment bed at the
Gould site- could require removal of the bed at some future date, both
for replacement and for disposal of trapped contaminants. Finally,
construction of the bed would result in uncontrolled drainage of con
taminated water from the site. This technology will not be considered
further.

The likely physical or chemical water treatments will be most suc
cessful when applied in separate facilities rather than in situ. Also,
they will generally result in the site contaminants remaining in the
soil, possibly in combination with other precipitates. There are,
however, insufficient grounds for dismissing in-situ physical or chemi
cal water treatment methods as infeasible or inappropriate at this time.
These methods have therefore been retained for further consideration.

Any system chosen for treatment of water must account for the fact
that both inorganic and organic constituents are present in the water.
Cleanup for inorganics may not adequately remove toxic organics; conver
sely, organics may have to be removed by pretreatment to allow success
ful application of some inorganic treatment technologies •
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As previously discussed, in-situ vitrification is still experimen

tal, and constitutes an expensive technology. In-situ vitrification has
already been eliminated from further consideration.

2.3.5 Disposal Options

Both the disposal of treated material on-site or off-site, and the
disposal of untreated material off-site must meet the requirements of

the various regulatory agencies. Materials requiring disposal might
include fill materials, treated water, and residuals from various treat

ment operations.

2.3.5.1 Disposal of Fill Materials

2.3.5.1.1 On-Site Disposal

Description

Contaminated fill material could be disposed of in a regUlated

landfill on the site. A regUlated landfill would require excavation of

the contaminated material and installation of a double liner system, a

leachate monitoring and collection system, and a surface cap. Evalua
tion of ,the site for a regulated landfill must consider potential risks
posed by insufficient depth to ground.water. and the degree of naturally
available ground-water protection should the liner system fail. Soil

which has been treated and certified nonhazardous can be landfilled on
site without regard for ground-water protection.

Another means of on-site disposal of contaminated soil would be the
construction of a vault. Vaults are often constructed below grade. A

vault can be rectangular or circular in plan. A liner with leak detec

tion and leachate collection systems is placed inside the vault. A low

permeability cap or membrane cover is placed over the top of the vault
to prevent surface infiltration. The site is then backfilled to grade
and surfaced t~ control run-on, runoff and drainage.

A vault constructed above-grade would be similar to a below-grade

vault. An above-grade vault would be formed by lined berms. The volume

of contaminated material at the site is such that it cannot all be con
tained in a vault occupying half of the site, although portions of the

fill such as the soil, sediment and matte could be so contained.
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Both an on-site landfill and an on-site disposal vault for disposal
of untreated materials would require long-term ground-water and leak
detection monitoring.

Initial Screening

A hazardous waste landfill should be placed above the ground-water

table, to prevent uplifting of the liner leading to rupture of the
liner. The RI indicated that the ground water can rise to within four
feet of grade at times. The shallow depth of ground water at the site
precludes landfilling contaminated materials there, and constru~tion of
an on-site landfill will not be considered further. Construction of a
vault above the water table is possible, however, and this option has
been retained for further consideration. Landfilling of treated
materials has been retained for further consideration, as well.

2.3.5.1.2 Off-Site Disposal

Description

Contaminated soil that has been treated and certified nonhazardous
can be disposed of at any landfill. Contaminated soil that has not been
treated must be disposed. of in an appropriate treatment, storage and
disposal (TSD) facility.

Initial Screening

Off-site disposal of hazardous materials is becoming increasingly
difficult because of increasingly restrictive regUlation. In par
ticular, SARA strongly discourages off-site disposal without treatment.
The nearest permitted TSD facility is located in Arlington, Oregon, at
roughly 150 miles from the Gould site. While off-site disposal is not
favored, it is feasible, and has been retained for further con
sideration.

2.3.5.1.3 Disposal of Treated Water and Sludge

Description

Technologies for ~lacing treated water into the earth are readily
available. Injection ·....ells pump the water directly into an aquifer.
Subsurface drains and ~:1f i1 tration basins rely on percolation through
the soil, and must be ~=cated on a permeable stra~urn. Trenches recharge
an aquifer directly .
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Treated water could be discharged to the East Doane take remnant,
with any excess being allowed to overflow to the Willamette River; or it
could be discharged to the Willamette River directly.

Treated water could be discharged to a City of Portland sanitary

sewer, p~ovided such discharge has been approved by the city. There is
a sanitary sewer located on the site which can accept a limited effluent
flow from the Gould site. No negotiations have been held with the City
of Portland to confirm actual permit requirements.

Evaporation ponds can be constructed to reduce the volume of liquid
waste, or existing bodies of surface water can be maintained to act as
evaporation ponds. This method depends on the local evaporation rate
exceeding the precipitation rate.

Sludge is a product of both soil and water treatment. Sludge from

treatment of site soil and water may be contaminated with lead, cadmium
and arsenic.

Initial Screening

The level of the ground-water table under the Gould site renders
subsurface drains and infiltration basins impractical. Trenches are not
suitable due to the potential for cross-contamination of treated water
by untreated water. These methods will not be considered further.
Injection wells have been retained for further consideration.

Effluent discharge requirements must be met for releasing treated
water to the Willamette River. This is a feasible method for disposing
of treated water, and will be investigated further.

Requirements of the City of Portland must be met prior to discharge
to a city sewer. A key concern will be the capacity of the sewer to
accept the additional effluent. This is a feasible method for disposing
of treated water.

Since precipitation in the Portland area exceeds evaporation,
disposal of treated water by evaporation is not feasible. In addition,
the evaporation of water contained in a basin or pond may deposit con
taminated residues as sediments. These sediments would then be
available for wind scouring, and could contribute to airborne pollution.
This technology has been eliminated from further consideration.
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Off-site disposal is well suited to disposal of the small volumes
of sludge anticipated from soil and water treatment at the site. This
approach has been retained for further consideration.

2.3.6 Institutional Controls

Five institutional controls have been considered at the Gould site:
well permit restrictions, site access restrictions, land use restric
tions, deed restrictions, and restrictions on sale of the property.

2.3.6.1 Well Permit Restrictions

Description

The Oregon Department of Environmental Quality (DEQ) has jurisdic
tion over all well permits. Therefore, the DEQ has the authority to
deny well permits based on pub l i,c health concerns. Users of potable
water from wells affected by site contaminants could be required to use
city water.

Initial Screening

Well permit restrictions can be implemented with minimal cost to
the user because of the availability of piped potable water from the
City of Portland. The DEQ has been asked to comment on the ability of
agencies to limit the placement of wells in the shallow aquifer systems.
Because site contaminants are located at shallow depths, well permit
restrictions for this aquifer would be effective in protecting the
public from water affected by site contaminants. Therefore, this control
will be considered further.

2.3.6.2 Site Access Restrictions

Description

Two restric~ions on access may be applied to the site to limit con
tact with contaminated materials: restriction of public access, and
restriction of occupational use. The physical requirements of these
restrictions would be fences, gates, signs, and possibly alarm or other
detection systems.
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Initial Screening

These restrictions are feasible controls, and have been retained

for further consideration.

2.3.6.3

Description

Land Use Restrictions

Land use restrictions could be imposed by the City of Portland to
limit future uses of the site to those appropriate to its status.

Initial Screening

Land use restrictions are feasible controls, and have been retained
for further consideration.

2.3.6.4

Description

Deed Restrictions

•

••

Under recently enacted legislation, the current owner of the site,
Gould Inc., may be required to place certain use restrictions in the
deed to the site. Such restrictions. would apply to the extent contami
nation of the site was not mitigated.

Initial Screening

Deed restrictions are effective controls. Future site Qwners would
have the ability to fully review si~e history prior to sale. These
restrictions have been retained for further consideration.

2.3.6.5 Sale Restrictions

Description

Among the rights a property owner possesses, in addition to the
right to impose voluntary deed restrictions, is the right to legally
bind the owner, his heirs, and his successors to a commitment that the
property will not be sold in perpetuity. As with deed restrictions,
such a legal commitment can consist of a notation on the property deed,
or on some other instrument which is normally examined during a title
search.
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Initial Screening

Restrictions on sale
institutional controls.
further consideration.

of the ·property could serve
These restrictions have been

as effective
retained for

•

••

2.4 SUMMARY OF REMEDIAL TECHNOLOGIES

Table 2.4-1 presents the results of the above screening of tech
nologies. The table identifies those technologies that have been
retained for incorporation into remedial alternatives. The table also
identifies those technologies that have been determined to be infeasible
or inapplicable, and have therefore been eliminated from further con
sideration.
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TABLE 2.4-1

REMEDIAL ACTION TECHNOLOGIES APPLICABLE TO THE GOULD SITE

Page 1 of 11

•

••

No Action

Monitoring

Air Quality Monitoring
Monitoring Wells
Monitoring of Surface Water

Control of Airborne Contaminant Migration

Surface Treatment

Paving or Capping

Asphalt
Portl.....d Cement
Layered Cover System

Fixation/Solidification

Asphalt
Portland Cement
Lime Treatment
Pozzolanic Cementation
Proprietary Technologies

Weston Services, Inc.
Silicate Technologies, Inc.

Revegetation

Surface Soil Treatment/Disposal

Soil Removal for Treatment/Disposal

On-Site Treatment

Portland Cement
Lime Treatment
Thermoplastl~ Binding
Pozzolanic ~ementation

Proprietarj ~echnologies

Weston ~~r~l~es, Inc.
Silicat~ ~echnologies

LOPAT E~~er~rises, Inc.

RETAINED

x

x
X
X

X

X
X

X
X
X
X

X
X

X

x

x
X

X

X
X
X

ELIMINATED

X
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TABLE 2.4-1 (Continued)

• Page 2 of 11

RETAINED ELIMINATED

•

••

Soil Washing/Leaching
Precipitation
Acid or Base Leaching
Chelation

In-Situ Treatment
Solution Mining
Weston Services, Inc.
Silicate Technologies, Inc.

On-Site Disposal
Landfill
Treated Material
Untreated Material
Vault

Off-Site Disposal

Battery Casings Treatment/Disposal

Casings Removal for Treatment/Disposal

Recycle of Casing Materials

Component Separation
MA Industries, Inc.
Polycycle Industries
Cal West
Heavy Media Separation

Materials Recycling
Lead
Lead Oxide
Plastic
Ebonite

Incineration of Casing Materials

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

x
x

x

x
x
X

X
X

X

X

X

X
X
X

X

X
X
X
X

X

X
X

X

X
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TABLE 2.4-1 (Continued)

• Page 3 of 11

RETAINED ELIMINATED

Installation of Wind Fences or Screens X

Control of Surface Contamination

Surface Treatment

Paving or Capping
Asphalt X
Portland Cement X
Layered Cover System X

Fixation/Solidification
Asphalt X
Portland Cement X
Lime Treatment X
Pozzolanic Cementation X
Proprietary Technologies

Weston Services, Inc. X
Silicate Technologies, Inc. X

• . Revegetation X

Surface Soil Treatment/Disposal

Soil Removal for Treatment/Disposal X

On-Site Treatment
Portland Cement X
Lime Treatment X
Thermoplastic Binding X
Pozzolanic Cementation X
Proprietary Technologies

Weston Services, Inc. X
Silicate Technologies X
LOPAT Enterprises, Inc. X

Soil'Washing/Leaching
Precipitation X
Acid or Base Leaching X
Chelation X

In-Situ Treatment
Solution Mining X
Weston Services, Inc. X

• Silicate Technologies, Inc. X

e
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TABLE 2.4-1 (Continued)

RETAINED

On-Site Disposal

Page 4 of 11

ELIMINATED

•

•e

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Battery Casings Treatment/Disposal

Casings Removal for Treatment/Disposal

Recycle of Casing Materials

Component Separation
MA Industries, Inc.
Polycycle Industries

'Cal West
Heavy Media Separation

Materials Recycling
Lead
Lead Oxide
Plastic
Ebonite

Incineration of Casing Materials

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Control of Subsurface Contamination

Subsurface Soil Treatment/Disposal

Soil Removal for Treatment/Disposal

x

x

x

x

x
X
X

X
X

X
X

X

X

X

X

X

x

X

X
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TABLE 2.4-1 (Continued)

On-Site Treatment

Portland Cement
Lime Treatment
Thermoplastic Binding
Pozzolanic Cementation
Proprietary Technologies

Weston Services, Inc.
Silicate Technologies
LOPAT Enterprises, Inc.

Soil Washing/Leaching
Precipitation
Acid or Base Leaching
Chelation

In-Situ Treatment
Solution Mining
Weston Services, Inc.
Silicate Technologies, Inc.
In-Situ Vitrification

On-Site Oisposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Battery Casings Treatment/Disposal

Casings Removal for Treatment/Disposal

Recycle of Casing Materials

Component Separation
MA Industries, Inc.
Polycycle Industries
Cal West
Heavy Media Separation

Materials Recycling
Lead
Lead Oxide
Plastic
Ebonite

Incineration of Casing Materials

RETAINED

x
X

X

X
X
X

X

X

X

X

X

X

X

X
X

X

X
X

X
X

X

Page 5 of 11

ELIMINATED

X

X

X

X

X

X

X
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~"~LE 2.4-1 (Continued>

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Matte Treatment/Disposal

Matte Removal for Treatment/Disposal

On-Site Treatment

Portland Cement
Lime Treatment
Thermoplastic Binding
Pozzolanic Cementation

.Proprietary Technologies
Weston Services, Inc.
Silicate Technologies
LOPAT Enterprises, Inc.

Soil Washing/Leaching
Precipitation
Acid or Base Leaching
Chelation

In-Situ Treatment
Solution Mining
Weston Services, Inc.
Silicate Technologies, Inc.
In-Situ Vitrification

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposa:

RETAINED

x

x

x

x

X

X

X

X

X
X

X

x
X

X

X

X

Page 6 of 11

ELIMINATED

X

X

X

X

X

X

X
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TABLE 2.4-1 (Continued)

RETAINED

Control of Contaminant Migration in Surface Water

Surface Treatment

Page 7 of 11

ELIMINATED

•

Paving or Capping
Asphalt
Portland Cement
Layered Cover System

Fixation/Solidification

Asphalt
Portland Cement
Lime Treatment
Pozzolanic Cementation
Proprietary Technologies

Weston Services, Inc.
Silicate Technologies, Inc.

Revegetation

Surface Water Treatment

Sedimentation
Filtration
Neutralization
Precipitation
Distillation ,
Ion exchange
Reverse Osmosis

Sediment Treatment/Disposal

x
X
X

X
X
X

X

X
X

X

x
X
X
X

X
X
X

Sediment Removal for Treatment/Disposal X

On-Site Treatment

••

Portland Cement
Lime Treatment
Thermoplastic Binding
Pozzolanic Cementation
Proprietary Technologies

Weston Services, Inc.
Silicate Technologies
LOPAT Enterprises, Inc.

Soil Washing/Leaching
Solution Mining
Precipitation
Acid or Base Leaching
Chelation

X

X

X

X
X
X

X

X

X
X

X
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TABLE 2.4-1 (Continued)

RETAINED

On-Site Disposal

Page 8 of 11

ELIMINATED

•

••

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Battery Casings Treatment/Disposal

Casings Removal for Treatment/Disposal

Recycle of Casing Materials

Component Separation
MA Industries, Inc.
Polycycle Industries
Cal West
Heavy Media Separation

Materials Recycling
Lead
Lead Oxide
Plastic
Ebonite

Incineration of Casing Materials

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Control of Contaminant Migration in Ground Water

Surface Treatment

Paving or Capping
Asphalt
Portland Cement
Layered Cover System

x

x

x

x

x
X
X

x
X
X

X

X

X

X

X

X
X
X

x

X

X
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TABLE .~. 4-1 Continued)

RETAINED

Page 9 of 11

ELIMINATED

•

Fixation/Solidification
Asphalt
Portland Cement
Lime Treatment
Pozzolanic Cementation
Proprietary Technologies

Weston Services, Inc.
Silicate Technologies, Inc.

Revegetation

Leachate Plume Barriers

Slurry Walls
Grout Curtains
Sheet Pile Cutoff Walls
Block Displacement Method
Injection Recharge

Groundwater Treatment/Di~posal

Groundwater Removal for Treatment

Pumping Systems
Well Points
Suction Wells
Ejector Wells

Subsurface Drainage Systems
Subsurface Drains
Trenches
Ejector Wells

Groundwater Treatment

x
X
X
X

X

X

X

X

X

X

X

X

X

X

X

X
X
X

••

Sedimentation X
Filtration X
Neutralization X
Precipitation X
Distillation X
Ion exchange X
Reverse Osmosis X
In-Situ Treatment

Permeable Treatment Beds
In-Situ Physical/Chemical Treatment X
In-Situ Vitrification

X

X
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TABLE 2.4-1 <Continued)

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Disposal of Treated Materials

Disposal of Treated Soils

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-S~te Disposal

Disposal of Treated Sediments

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Disposal of Battery Casing Fragments

Component Separation

MA Industries, Inc.
Polycycle Industries
Cal West
Heavy Media Separation

Materials Recycling
Lead
Lead Oxide
Plastic
Ebonite

RETAINED

x

x

x

x

x

x

x

x

x

x
X
X

X
X
X
X

Page 10 of 11

ELIMINATED

x

x

x

X
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TABLE 2.4-1 (Concluded)

RETAINED

Page 11 of 11

ELIMINATED

•

Incineration of Casing Materials

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Disposal of Treated Matte

On-Site Disposal

Landfill
Treated Material
Untreated Material

Vault

Off-Site Disposal

Disposal of Treated Water

Recharge of Treated Water
Well Points
Trenches

x

x

x

x

x

x

x

x

x

x

x

Discharge to Water Body
Discharge to Willamette X
Discharge to East Doane Lake Remnant X

••

Discharge to Sewer
Evaporation

Institut~onal Controls

Well Permit Restrictions
Site Access Restrictions
Land Use Restri~~ions

Deed Restrictions
Sale Restrictions

X

X
X
X

X
X

X
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3.0 DEVELOPMENT AND SCREENING OF THE PRELIMINARY ALTERNATIVES

'Section 2.0 summarized the process used to determine the tech
nologies appropriate for remedying hazards at the Gould site. First,
technical criteria were developed. Then, general response actions were
identified. Next, technologies available for performing each of the
general response actions were investigated. Finally, infeasible or
inapplicable technologies were eliminated from further consideration.

Technologies which were not eliminated by the technology screening
process are combined in this section into remedial action alternatives.
Remedial action alternatives are packages comprised of the applicable
technologies. The al ternatives are intended to address the important
site problems and the significant pathways of contaminant migration that
were found during the RI. In this section, preliminary remedial action
alternatives for the Gould site.are developed and evaluated. During the
evaluation, the preliminary alternatives are screened. preliminary
alternatives are eliminated from further consideration, if they 1) do
not adequately protect the public or the environment from site con
taminants~ 2) have significant side-effects~ or 3) are an order of
magnitude higher in cost than other alternatives, without providing
greater benefits, protection or reliability.

The screening of the preliminary alternatives to eliminate those
which are not protective or are overly expensive produces a small group
of final candidate remedial action alternatives. The final alternatives
are evaluated in detail to assess their effectiveness, implementability
and cost. For each of the final remedial action alternatives, the
following information is developed:

The final
Section 4.0.
alternatives is••

o

o

o

o

o

o

o

o

Technical background
Health information, presented in the Endangerment Assessment
Environmental effects
Extent of compliance with environmental regulations
Information about possible effects on neighboring communities
Information pertinent to off-site disposal
Present worth of total costs
Institutional and site-specific factors.

remedial action alternatives are fully described in
The detailed evaluation of the final remedial action
discussed in Section 6.0.

3-1

scoEPA00004466



•

•

••

3.1 DEVELOPMENT OF PRELIMINARY REMEDIAL OPTIONS

The general response actions outlined in Section 2.2 address
hazards from a number of sources at the site. Contaminants at the site
are dispersed over the surface, in the fill and in the soil surrounding
the fill, in sediments on the bottom of the East Doane Lake remnant, and
in surface water and ground water. Hazards from the contaminants may be
reduced by controlling any or all of the sources.

A large number of preliminary remedial action alternatives may be
constructed from technologies associated with the general response
actions. Each of the general response actions listed in Table 2.1
constitutes a group of potential remedial alternatives, since 1) each
action may accomplish one or more of the site remedial objectives, and
2) each of the associated remedial technologies retained through the
technology screening process may achieve the general response action.
Thus, under the heading of Control of Airborne contaminant Migration,
potential remedial alternatives can be constructed which employ surface
treatment, or surface soil treatment, or battery casing treatment/
disposal, as their sole remedial measure. In addition, any assemblage
of the general response actions constitutes a group of potential reme
dial alternatives, since any combination of the associated technologies
may achieve the objectives of the assembled general response actions.

For the Gould site, the number of alternatives that can be developed
by simply combining technologies is especially large. The large number
of possible alternatives results from 1) the diversity of contaminated
materials at the site; 2) the presence on-site of a surface water body,
the East Doane Lake remnant, which collects drainage from the site and
adjacent properties and discharges directly into the Willamette River;
and 3) the possibility of recovering and recycling materials from the
battery casing fragments, thereby reducing the quanti ty of hazardous
waste that must be otherwise treated or disposed of. The first task in
developing preliminary remedial action alternatives is to reduce this
large number of possible combinations to a workab!e number.

The total number of alternatives formed by combining technologies
is reduced substantially when similar treatments are applied to similar
hazards. For example, an alternative which includes treatment of both
soil and sediment and which stipulates treatment of soil by fixation/
stabilization should require treatment of sediment by fixation/stabili
zation, as well. Limiting, as far as possible, the number of treatments
applied to the site reflects good engineering practice, preventing the
application of possibly incompatible methods and procedures; and will in
general be the most cost-effective approach.

3-2
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The expediency of applying similar treatments to similar hazards
supports joining the treatment technologies for several of the con
taminant sources together. Technologies which have been retained for
treating surface soil, subsurface soil and matte are in large part iden
tical and are expected to perform similarly, so that they may be con
sidered jointly. Realistically, it would be difficult to separate these
materials in order to apply different treatments to them.

Even after incompatible combinations of the technologies are elimi
nated and similar treatments are grouped, however, the number of
possible combinations of technologies into remedial action alternatives
for application at t~e site is too large and unwieldy for the screening
process.

In order to effectively screen the remedial alternatives, options
which address the .site fill materials are evaluated first, without con
sideration for surface treatment, surface water treatment or ground-water
treatment. Surface treatment, surface water treatment and ground-water
treatment address several of the identified remedial objectives, and are
important components of the general response action categories. The
method of surface treatment, though, will be largely determined by the
method of treating the fill. If, for example, the fill is disposed of
in an on-site ReRA-approved vault, the only compatible surface treat
ments consist of paving or capping. If, on the other hand, the fill is
disposed of by fixation/stabilization, the only compatible surface
treatments consist of fixation/stabilization. Alternatives which are
distinct from one another due solely to the method of surface treatment
will arise only if the. fill is disposed of on-site. In those instances,
at most three distinct alternatives will arise, since only three tech
nologies for surface treatment were retained through the screening pro
cess.

The methods chosen for treating surface water and ground water, on
the other hand, will be somewhat independent of the method for treating
the fill. Certainly, the complete removal or treatment of site con
taminants will make long-term treatment of surface water and ground water
unnecessary; and the control of contaminant migration using barriers to
ground-water flow may render some fill treatments unneeded. However, any
interaction of fill treatment with water treatment, such as the two
cited, will be apparent when the water treatment technologies are com
bined with the remedial action options developed for the fill.

The second task in developing preliminary remedial action alter
natives for the site, then, is the development of remedial action

3-3
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options for the fill materials. Table 3.1-1 presents the remedial tech
nologies applicable to the site fill. These technologies are combined
into remedial action options in Table 3.1-2.

In Table 3.1-2, the preliminary remedial· options have been
arbitrarily divided into three categories. These categories are based
on how the battery casing fragments are treated. The only purpose of
these three categories is to simplify the comparison of alternatives in
Section 3.2.

In the process of combining the applicable technologies for the
fill into preliminary remedial options, several refinements of the tech
nologies and the options have been introduced. Table 3.1-2 therefore
represents more than a simple combination of the applicable technologies
for treating the fill. The refinements include additional categories of
battery casing technologies, as follows:

The first two categories have been included to provide alternatives to
the recycling of lead oxide, in case separation"of lead oxide from the
battery casing fragments proves less than adequate. Recycling of lead
oxide may require a degree of separation greater than the separation
technologies can provide. If lead oxide that is sufficiently pure can
not be reclaimed, it may be disposed of using the technology that is
applied to the soil and matte. The third category has been included to
provide an alternative to ebonite recycling, in case recycling proves
infeasible. The last category is a partial treatment aimed at reducing
the long-term hazards of airborne contaminant dispersal at the site,
while minimizing the generation of fugitive dust that may occur due to
complete exc~vation of the battery casing fragments.

•
o

o

o

o

On-site lead oxide treatment and disposal;
Off-site lead oxide disposal;
Ebonite incineration; and
Surface pile removal and disposal.

••

Certain of the possible options have not been included in Table
3.1-2. While options involving treatment of sediment as their major
remedial method are included, options involving either treatment of bat
tery casings or treatment of surface and subsurface soil and matte as
their major remedial method are not. There are two reasons for treating
sediments without treating the remainder of the site fill. First, con
taminants in the sediments may dissolve into the East Doane Lake remnant
and be transported directly to the Willamette River. Treatment of sedi
ments therefore restricts a major pathway for contaminant migration

3-4
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TABLE 3.1-1

REMEDIAL TECHNOLOGIES APPLICABLE TO THE SITE FILL

A. Battery Casings Treatment/Disposal

1. Casings Removal for Treatment/Disposal
2. Recycle of Casing Materials

a. Component Separation
(1) MA Industries, Inc.
(2) Polycycle Industries
(3) Cal West

b. Materials Recycling
n i Lead
(2) Lead Oxide
(3) Plastic
(4) Ebonite

3. Incineration of Casing Materials
4. On-Site Disposal Vault
5. Off-Site Disposal

B. Surface and Subsurface Soil and Matte Treatment/Disposal

1. Soil Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Pozzolanic Cementation
d.Proprietary Technologies

(1) Weston Services, Inc.
(2) Silicate Technologies
(3) LOPAT Enterprises, Inc.

e. Acid or Base Leaching
f. In-Situ Treatment

(1) Weston Services, Inc.
(2) Silicate Technologies, Inc.

3. On-Site Disposal
a. Landfill of Treated Material
b. Vault

4. Off-Site Disposal

C. Sediment Treatment/Disposal

1. Sediment Removal for Treatment/Disposal
2. On-Site Treatment

a. Portland Cement
b. Lime Treatment
c. Pozzolani= Cementation
d. Proprietarj ~echnologies

(1) ~es:cn Services, Inc.
(2) Sl~~:a:e Technologies
(3) LC?A~ Snterprises, Inc.

e. Acid of gas~ ~eaching

3. On-Site Dispcsa~

a. Landfill c: ~~eated Material
b. Vault

4. Off-Site Dispcsal
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TABL~Ll-2 CQmbination Qf the Applicable TecbnQIQgieB intQ Preliminary Remedial Options

..........................................................................................................................................................
:Optloll latohll. Blalnl :Optloll latohlll rreltlelt of laUer, Cilia.. u a :O,t1011 11,0hlll li,polil or IlclleraHol
:fredleat of laUer, Culall :Prlacipil IIDlelt :of laUer, Cuia.. . ,..........................................................................................................................................................

I 2 3 • S , , • 9 I' II 12 U It IS Ii n II I' 21 21 22 U U IS 2i 21 21 21 31
lued III Cltelor,

· Specific 'eatur.

'Bitter, CulDl' I,,,
· Cula.a luott/frut/lcc,cie I

I,,
CoapODelt Sepuatlol

, I I I I I I I I I I I I,
Pbu, I Ga-Sile treat/DI.poae' I I I I I I
PlIO/Soil Off-Site Dlapon. I I
IOOalte lacluretloa I

· Cea ill' luo,e/Oiepoll

Surhce Pile luo,e/Dlapo••
OD-Site Oilponl
Off-Site Dlaponl
hclDeretiol

I I
I I I

I I I
I I I I

I
I

I
I

I
I

II
II

III
III

II
IIIf1I1Uol/Shbi IIIIUol

C~ellc" frullelt

Ga-Sit. Dlapoill
Off-m. Dlapoli.

---.. -- _ -_ -_ _.. -_...... -_ - -_ -- --_ -..--- -- ---- - -- -_ ----- ..-_ -- --- ------------ ..----_..-- --_ ---_ ..-- ------ ..- --_ ..-- ------- ---_ ...
I

:Surhce , Submhc. 5011 , bU.
I,
: . Soil/latte acIOtt/trut/lep"ce
I,
I
I,
I
I
I

: . Soil/latt. leao,./Diepo••,,,
I
I
I
....................... -_ --- -_ - --- -- ----_ - -------- --_ --- -- - -- -_ ---_ --_ ---_ .. _-_ _-----------_ _-----_ _-----_ _ _ _ ------- -----_ --------------_ ..--------- -----------------
I I

'Sedllel" :
I

· Sedllelt lelo,e/frut/lep"c,

'hatlol/ShbIIIIlUol
C~..lc" trull.lt

I
I

I
I

I I I
I I I

I I
I I

I
I

· Sedllelt leao,./Olapo••

ai-Sit. Olapolil
Off-Site Olapoill

I,
I,

I :
I I I

I I
I

I
I

_.--_. -~ -~ ~ ------- ---- ----- --. --------- ---- -- --- --- ------ -- -- -- - --- -- --------- ------------ ----- -- -- ----------------------------- --- --- -- ----- ------- --- --_ ..-- --- -- --- ------- ------ --- ----- ~ ------ _..-- --
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off-site. Second, the sediments are saturated, so that their excavation
should generate little fugitive dust. Excavation of unsaturated fill,
by contrast, may generate significant amounts of fugitive dust. Treat
ing the cattery casings, the surface or subsurface soil or the matte
wi thout treating the sediments, on the other hand, does not address a
major remedial objective, since it does not control the migration of
contaminants in surface water. In addition, removal of battery casings
for treatment and disposal will almost certainly disturb the sediments
int~e East Doane Lake remnant, since the battery casing fragments form
the southwest border of the East Doane Lake remnant.

The preliminary remedial options identified in Table 3.1-2 are
listed in Table 3.1-3. The preliminary options constitute a range of
approaches from no action, to treatment of the majority of the fill
materials, to off-site disposal of the fill materials. AS indicated in
Table 3.1-3, Option 1 is the No-Action Alternative. Option 25 is an on
site disposal option. and Option 26 is an off-site disposal option.

Beginning with the No-Action Alternative, each preliminary option
can be thought of in turn as a more sophisticated strategy, addressing
more of the site hazards and implementing more of the general response
actions than its predecessor. When the options for the Gould site are
organized, in this manner, according to their degree of sophistication,
the general response actions with the greatest effect on health and the
environment are listed first. The most likely exposure pathway for site
contaminants is through airborne dispersal, and this is addressed in
part by surface pile removal (the control of airborne contamination is
largely the function of surface treatment, which is considered
separately). The next most likely exposure pathway is through migration
in surface water, which is addressed in part by sediment removal, treat
ment and disposal. The next most likely pathways are through direct
contaminant ingestion and through con~aminant migration in ground water,
which are addressed in part by fill removal, treatment and disposal.

Options for treating surface wa~er and ground water are presented
in Table 3.1-4. This table was developed in the same manner as Table
3.1-2, which represents the options for treating the fill. Option NW
represents no water treatment, and corresponds to the No-Action
Alternative. Options SWl, SW2, and SW3 implement surface water treat
ments only, while Options SG1, SG2, SG3, SG4, SGS and SG6 implement sur
face water and ground-water treatments. As in the earlier process of
combining applicable technologies for the fill, certain refinements of
the technologies and the options for surface water have been introduced

3-7
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TABLE 3.1-3

PRELIMINARY REMEDIAL OPTIONS

Page 1 of 3

OPTION 1
No-Action Alternative

OPTION 2
Removal and Disposal of Surface piles of Battery Casings

OPTION 3
Fixation/Stabilization of Sediments

OPTION 4
Chemical Treatment of Sediments

OPTION 5
Off-Site Disposal of Sediments

OPTION 6
Removal and Disposal of Surface Piles of Battery Casings
Fixation/Stabilization of Sediments

OPTION 7
.Removal and Disposal of Surface Piles of Battery Casings
Chemical Treatment of Sediments

OPTION 8
Removal and Disposal of Surface Piles of Battery Casings
Off-Site Disposal of Sediments

OPTION 9
Battery Casings Component Separation
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 10
Battery Casings Component Separation
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 11
Battery Casings Component Separation
Incineration of Ebonite
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 12
Chemical Treatment of Surface Soil/Subsurface

Soil/Sediments/Matte
Battery Casings Component Separation
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TABLE 3.1-3 (Continued)

OPTION 13
Battery Casings Component Separation
Chemical Treatment of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 14
Battery Casings Component Separation
Incineration of Ebonite
Chemical Treatment of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 15
Battery casings Component Separation
On-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 16
Battery Casings Component Separation
On-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 17
Battery Casings Component Separation
Incineration of Ebonite
On-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 18
Battery Casings Component Separation
Off-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 19
Battery Casings Component Separation
Off-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 20
Battery Casings Component Separation
Incineration of Ebonite
Off-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte/Lead Oxide & Soil Mixture

OPTION 21
Battery Casings On-Site Disposal
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte

Page 2 of 3
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TABLE 3.1-3 (Concluded)

OPTION 22
Battery Casings Off-Site Disposal
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 23
Battery Casings On-Site Disposal
Chemical Treatment of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 24
Battery casings Off-Site Disposal
Chemical Treatment of Surface Soil/Subsurface

Soil/Sediments/Ma-~e

OPTION 25
On-Site Disposal Option

OPTION 26
Off-Site Disposal Option

OPTION 27
Battery Casings Incineration'
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 28
Battery Casings Incineration
Chemical Treatment of Surface Soil/Sub~urface

Soil/Sediments/Matte

OPTION 29
Battery Casings Incineration
On-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 30
Battery Casings Incineration
Off-Site Disposal of Surface Soil/Subsurface

Soil/Sediments/Matte

Page 3 of 3
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TABLE 3.1-4

REMEDIAL OPTIONS FOR SURFACE WATER AND GROUND WATER

Remedial Category
Specific Feature NW SWl SW2 SW3 SGl SG2 SG3 SG4 SGS SG6

Surface Water Treatment

Surface Water Isolation X X

Surface Water Remove/ X X X
Treat/Replace

Surface Water Remove/ X X X X
Treat/Dispose

Groundwater Treatment

Leachate Plume Barrier X X

Groundwater Remove/ X• Treat/Replace

Groundwater Remove/ X
Treat/Dispose

Groundwater In-Situ X X
Treatment

•e
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into Table 3.1-4. These refinements include an additional category of
surface water treatment, which is surface water isolation. This addi
tional category is a partial treatment intended to reduce the off-site
hazards of contaminant dispersal through surface water, while minimizing
the mechanical mixing of contaminants with surface water and ground
water tha may accompany excavation of lake sediments.

3.2 SCREENING OF THE PRELIMINARY REMEDIAL OPTIONS

In this section, the preliminary remedial action options for the
site fill are evaluated for their effectiveness, implementability and
cost. AS part of the evaluation process, the preliminary options are
screened to reduce them to a small group of final candidate remedial
options. preliminary options are eliminated from further consideration,
if they 1) do not adequately protect the public or the environment from
site contaminants; 2) have significant side-effects 1 or 3> are an order
of magnitude higher in cost than other alternatives, without providing
greater benefits, protection or reliability. The small group of final
remedial options retained through the screening process is subsequently
developed into the selected candidate alternatives •

3.2.1 Remedial Response Criteria

Evaluation of remedial alternatives for the Gould site includes a
discussion of the degree to which each of the alternatives achieves
applicable or relevant and appropriate requirements (ARARs). Applicable
standards are those that would legally apply if the action was not being
taken under CERCLA.' Relevant and appropriate standards are those
designed to apply to circumstances similar to those encountered at
CERCLA sites in which their application would be appropriate. Under
SARA, these ARARs are used in the evaluation process as primary reme
diation goals.

The requirements of SARA play an important role in evaluating
alternatives for an onsit~ remedial action. SARA requires the selected
remedy to attain ARARs unless such requirements are waived. For the
Gould site, this requirement applies to Federal requirements of the Safe
Drinking Water Act, the Clean Air Act, and the Solid Waste Disposal Act.
SARA stipulates that remedial actions are required to at least attain
MCLs and water quality criteria under the Clean Water Act, where such a
requirement is relevant and appropriate under the circumstances.

SARA addresses state requirements as well. Remedial actions must
attain any promulgated State requirement under a State environmental or
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• facility siti~ry law that is more stringent than any Federal requirement.
SARA does not require remedial.actions to attain State requirements that
are proposed but not promulgated.

Under SARA, EPA may grant a waiver from the requirement to attain
ARARs for privately financed remedial actions under any of the following

conditions:

In evaluating alternatives, it is first necessary to determine
which ARARs exist for the site and contaminants. State standards, cri
teria, and other gUidance should also be considered. The following
pages identify requirements that are pertinent to the Gould site. A
table was provided by EPA as an internal draft policy response to SARA
requirements. The table, which lists ARARs according to the three cate
gories of chemical-specific ARARs, location-specific probable ARARs, and
action-specific probable ARARs, was reviewed during evaluation of reme
dial action alternatives for the Gould site. A summary of chemical spe
cific ARARs deemed applicable to the Gould site is contained in Table

3.2-1.

•

o

o

o

o

o

The remedial action is an interim measure where the final
remedy will attain the ARAR upon completion~

Compliance with an ARAR will result in greater risk to human
health and the environment than other options~

Compliance is technically impracticable~

The standard of' performance under an alternative remedial
action is equivalent to the ARAR~ and

For State requirements, the State has'not consistently applied
the State requirement in similar circumstances.

••

The ARARs summarized in Table 3.2-1 contain several sets of numbers
that could be applied to the Willamette: (1) the MCL~ (2) Ambient Water
Quality Criteria for Human Health~ (3) Ambient Water Quality Criteria
for Freshwater Aquatic Organisms~ or (4) Oregon Water Quality Standards.
For discussion of effects of site contaminants on the Willamette, the
appropriate standard is the Oregon Water Quality Standard, which for
lead is the same as the MCL or the Ambient Water Quality Criteria for
Human Health. The Ambient Water Quality Criteria for Freshwater Aquatic
Organisms are deemed inapplicable because a promulgated standard under
State law is a more appropriate and relevant requirement than a
criterion, or guideline, concentration.
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• TABLE 3.2-1

CHEMICAL-SPECIFIC ARARs FOR THE GOULD SITE

Ambient Water Quality Criteria3

Contaminants
MCL1

(mqll>

Human
Health
(mg/l>

Freshwater
Acute
(mg/l)

~guatic Life 4

Chronic
(mg/l>

oregon5

Water
Quality

Standards
(mg/l>

Arsenic 0.05 (6 ) 0.36 0.19 0.01
0.05 (6 )

Cadmium 0.01 0.01 0.0018 0.00066 0.003

Chromium (III) 0.057 170 1.7 0.21 0.02 7

Chromium (V!) 0.057 0.05 0.016 0.011 0.02 7

Lead 0.05 1.5 (90 0.05 0.034 0.0013 0.05
day)

• Zinc 5.0 0.18 0.047 0.01

Notes:

1 Maximum Contaminant Level.

2 National Ambient Air Quality Standards.

3 Source: EPA: Quality Criteria for Water (1986) EP~ 440/5-86-001.

4 Where applicable, numbers assume a hardness of 50 mg/1 as CaC03 for the
Willamette River.

5 Source: Oregon Administrative Rules (OAR) 340-41-445(2)(0).

6 See Endangerment Assessment.

•-

7 Standard applies to total chromium •
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• Other considerations apply to the Ambient Water Quality Criteria
for Freshwater Aquatic Organisms, which have informational value for
discussions of aquatic toxicity. Mitigating factors relevant to East
Doane Lake discharges are present. The chronic criterion of 0.0013 mg/l
and acute criterion of 0.034 mg/1 are for aquatic organism exposure
periods of 4 days and 1 hour, respectively. No data have been collected
to determine the actual concentration of lead in the discharge to the
Willarnette over specific time periods. It is evident that discharges
from East Doane Lake o~~ur most frequently during rainfall events. It
follows logically that these discharges are, in all likelihood, diluted
and therefore lower in contaminant concentration than the lake water is
when it is not overflowing to the Willamette. During periods of
discharge, therefore, the lake discharge may well be within the aquatic
criteria, or able to meet the criteria within the a small mixing zone as
conceptualized and allowed under the Oregon Water Quality Standards.

3.2.1.1 Federal Laws and Regulations

•
A. Hazardous Waste/Solid Waste

Comprehensive Environmental Response,
Compensation, ~nd Liability Act of 1980 (CERCLA)

Superfund Amendments and Reauthorization Act of 1986
o Requirements to meet ARARs.
o Preference of treatment over disposal.
o Revised screening methods for remedial action alternatives.

Resource Conservation and Recovery Act (RCRA), as amended by PL
99-499, (42 USC 6901) Subtitle C
o Protection of ground water (40 CFR 264, SUbpart F).

Solid Waste Disposal Act Amendments and Hazardous and Solid
Waste Amendments (HSWA) of 1984

Clean Water Act (CWA) (33 USC 1251)

Safe Drinking Water Act (SDWA) (42 USC 300)
o Drinking Water Standards (40 CFR 141).
o MCLs - Maximum Contaminant Levels - enforceable standards.••

B.

o

Water

o

Disposal of contaminated soils either on or off site.

National Pollutant Discharge Elimination System (NPDES) (40
CPR 122).

3-15

scoEPA00004480



•
C. Air

o

o

The NPDES permi t program is administered by the Oregon
Department of Environmental Quality •
Applicable in determining acceptable contaminant levels if
treated water is discharged into the Willamette River.

o

Federal Air Quality Act (42 USC 7401 - 7642)
o Provides for state implementation plans for national pri

mary and secondary ambient air quality standards.
The State of Oregon has been delegated the auth..:>rity to
administer the Federal air quality program.

Clean Air Act (CAA) (72 USC 7401)
o National Emission Standards for Hazardous Air Pollutants

Standards (NAAQS)
pollutant at the

Only NAAQS are

•

o

o

o

3.2.1.2

(NESHAPS)

The NESHAP program is administered by the Oregon Department
of Environmental Quality.
EPA has set National Ambient Air Quality
for certain pollutants. Lead is the only
Gould site that presently has a NAAQS.
recommended as ARARs •
Emissions from remedial activities must be considered.

Oregon State Laws and Regulations

••

A. Hazardous Waste/Solid Waste

Oregon Notice of Environmental Hazards Act (ORS 466)
o Empowers the State to give notice to local governments of

potential hazardous disposal sites and to impose use
restrictions on those sites.

Oregon Solid Waste Control Law (ORS 459.005-995)
o Provides general prov~s~ons for solid waste management

including state and local administration, disposal sites,
and enforcement.

Oregon Hazardous Waste Management Act (ORS 466.005-995)
o Establishes permitting process and rules for treatment,

transporta~:on, storage, and disposal of hazardous waste •

Oregon Solid ~aste Regulations (OAR 340-61)
o Prescribe ~equirements, limitations, and procedures for

storage, :c: :o::!ction, transportation, and disposal of solid
waste.
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•
Oregon Hazardous Waste Management Regulations (OAR 340-100-108)
o Establishes a hazardous waste management system; lists

wastes; sets standards for generators, transporters, and
owners and operators of TSD facilities; sets perrni tting

procedures.

B. Water

Oregon Water Pollution Control Laws (ORS 468.:00-997)
o Implement Federal Water Pollution Control Act; set water

quality standards; establish permitting process.

Oregon Water Pollution Control Regulations (OAR 340-45
340-51)
o Establish State Water Quality Maintenance plan; sets regu

lations for NPDES and WPCF permits.

B. BUilding
o Portland Bureau of Buildings - enforces City building code;

o

•

•e

C.

A.

Oregon Water Quality Standards (OAR 340-41)
o Contains plans and standards for managing quality of public

waters with specific information on the Willamette basin
and contaminants from Gould Inc. site •

Air"

Oregon Air Pollution Control Laws (ORS 468.005-468.997)
o Establishes Department of Environmental Quality, enfor

cement procedures, air quality standards, permitting pro
cess, and regional air quality control authorities.

Oregon Air Pollution Control Regulations (OAR 340-20 - 340-27)
o Requires highest and best practicable treatment and

control; requires notice of construction and approval of
plans; sets procedures for air contaminant discharge per
mits; sets emission standards.

-3.2.1.3 Local Laws and Regulations

Planning
o Portland Planning Commission - administers planning and

zoning for the City.
Portland Development Commission - administers urban renewal
and redevelopment; seeks zoning approval from the Planning
Commission.
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• C. Water
o

o

issues demolition and building permits based on applicable
building codes and other relevant information.

Supply
Portland Water Bureau - administers the City water system
in the Gould Inc. site area.
Multnomah County Watermaster - controls the allocations of
water from ground water and surface water bodies.

D. Wastewater Treatment/Discharge
o Portland Bureau of Environmental Services, Wastewater

Treatment Division regulates wastewater and installs
sampling manholes to check compliance with standards.

E. Drainage
o Portland Bureau of Environmental Services, Wastewater

Treatment Division - regulates use of storm sewers; appli
cants must show conformance with NPDES requirements for use
of the storm sewer; in the Gould Inc. site area, storm
sewer drains into the Willamette River without any treat
ment.

eo F. Air Pollution
o Oregon Department of Air Quality - administers Federal air

quality program.

G. Solid Waste
o Portland Bureau of Environmental Services, Solid Waste

Division o

- coordinates the disposal of solid waste.

3.2.2 Screening Methodology and Results

In order to assess the relative merits of j-"e preliminary remedial
options in terms of their effectiveness and implementability, a relative
score of 1, 2 or 3 <corresponding to low, medium or high) was assigned
to them for each of the following attributes:

e
e

o Effectiveness
Protectiveness
Both the short-term hazards and the long-term protection
associated with the alternative were considered.
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Preliminary cost estimates include both capital costs, and operat
ing and maintenance costs. For the purposes of the initial screening,'
rough order-of-magnitude (ROM) costs (-50 to +100 percent) were devel
oped. Since the preliminary cost estimates are for comparison only,
costs common to all of the options, such as certain institutional
controls, were not included in the estimates. Costs not included in the
ROM estimates will in any case be a small fraction of the total cost of
the option.

•

•

o

Reliability
Long-term reliability of engineering and institutional
controls were considered, including the type and degree of
long-term monitoring required.
ARARs

Reduction in toxicity, mobility or volume

The degree that the alternative might reduce site hazards

was assessed.
Implementability

Technical Feasibility
Difficulties anticipated in constructing and operating the
alternative technologies were considered.
Availability
The availability of necessary equipment and specialists was
appraised.
Administrative feasibility
The necessity of coordinating with and obtaining approvals
from state and federal offices and agencies was considered.
Community and state acceptance of the alternative was also
considered.

••

For each of the remedial options developed in Section 3.1, the
relative rank and the ROM cost are given in Table 3.2-2. Preliminary
costs presented in Table 3.2-2 are based on treating and/or disposing of
the various quantities of contaminated material at the site. These
quantities, which were determined during the RI, are summarized in Table
3.2-3. Preliminary costs for treating and/or disposing of these
materials were generated using information from Means Site Work Cost
Data 1987 (Means, 1986), from the Handbook, Remedial Action at Waste
Disposal Sites (Revised) (EPA 1985), from the Evaluation of Remedial
Action Unit Operations at Hazardous Waste Disposal Sites (J. Ehrenfeld
and J. Bass 1984), and from Dames & Moore project files. Preliminary
unit costs are presented in Table 3.2-4 .
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TABLE 3.2-3

ESTIMATED QUANTITIES OF SITE FILL MATERIALS,
USED FOR DEVELOPING PRELIMINARY COST ESTIMATES

(cu yd) (cu ft) (tons)

Soils, Sediments & Matte 28450 768150 39497

Soils 17020 459540 21937

Sediments 5500 148500 5560

Matte 5930 160110 12000

Battery Casings 80000 2160000 75000

Plastic 2400

Ebonite 37125

PbO/Soil 25790 696330 28125

• Lead 871

Rock/Debris 6225

Surface Piles 1111 30000 1042

TOTAL 108450 2928150 114497·

••
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TABLE 3.2-4

PRELIMINARY UNIT COSTS FOR REMEDIAL OPTION TECHNOLOGIES

•

Remedial Category

• Specific Feature

Surface Soil/Subsurface Soil/Sediments/Matte
• Remove/Treat/Replace

Fixation/Stabilization
Chemical Treatment

• Remove/Dispose

Battery Casings
• Casings Remove/Treat/Recycle or Dispose

Component Separation
Off-Site Separation
Incineration
Ebonite Incineration

On-Site Disposal
Entire Fill
Soil, Sediment & Matte
Battery Casings
PbO/Soil Mixture

Off-Site Disposal
Entire Fill
Soil, Sediment & Matte
Battery Casings
Battery Casings Surface Piles
PbO/Soil Mixture
Sediments Only

Preliminary
Unit Cost*

S93.6l/tCin
S77.68/ton
Sl40/ton

S41.63/ton
S480/ton
S343/ton
S328/ton

S85.54/ton
S83.96/ton
SUO/ton
S92.46/ton

S157/ton
S153/ton
S159/ton
S132/ton
S128/ton
S158/ton

••

*Costs are for comparison only. Costs presented are -50 to +100 per
cent •
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Using the information presented in Table.3.2-2, the final candidate
alternatives are selected. Option 1, the No-Action Alternative, is
retained for comparison with the other alternatives, and in accordance
with the National Contingency Plan. Option 2 addresses a source of air
borne pollution by stipulating removal of the surface piles of battery
casings. At the same time, it represents a low-cost option, and incurs
the minimum risk from activities associated with site clean-up.
Therefore, Option 2 is retained, as well.

Options 3 through 8 employ treatment and/or disposal of sediments
as their primary remedial method. Options 6, 7 and 8 additionally sti
pUlate the removal of the surface piles of battery casings. Both Option
4 and Option 7 score lower than the other sediment treatment options,
primarily because chemical treatment of sediments is believed to consti
tute a greater hazard to off-site populations and on-site occupational
workers than either fixation/stabilization or off-site disposal. The
additional hazard attributed to chemical treatment technologies is due
to the possibility of chemical spills. These options are therefore
eliminated from further consideration. Since neither Option 3 nor
Option 5 addresses the airborne pollution associated with the surface
piles, they too are eliminated from further consideration, in favor of
Option 6 and Option 8. ,The costs of Option 6 and Option 8 are within an
order of magnitude, .so neither can be eliminated on a cost basis.
However, off-site disposal of sediments will require less time to imple
ment, requires no testing or development, and is deemed a more certain
and final treatment than fixation/stabilization. Therefore, Option 8
will be retained for further consideration, and Option 6 will not be
considered further.

Options 9 through 20 employ process"~g of the battery casing
fragments as a principal element. These options are clustered into four
groups of 3 options each. In each group, the first option relies on
complete separation of the battery casing materials, the second allows
mixed lead oxide and soil to be treated with the other fill materials,
and the third permits ebonite incineration in addition to lead
oxide/soil treatment. The four groups differ in the treatment applied
to the remainder of the fill. The first group, options 9, 10 and 11,
utilize fixation/stabilization to treat the surface and subsurface soil,
sediment and matte. The second group, options 12, 13 and 14, utilize
chemical treatment to treat the surface and subsurface soil, sediment
and matte. The third group, options 15, 16 and 17, utilizes an on-site
disposal vault for disposing of the surface and subsurface soil, sedi
ment and matte. The fourth group, options 18, 19 and 20, calls for
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off-site disposal of the surface and subsurface soil, sediment and
matte.

Of the options employing processing of the battery casing
fragments, Option 10 scores the highest for effectiveness and implemen
tability, and is the only option between 9 and 20 retained for further
consideration. As noted above, options which employ chemical treatment
generally score lower than options which employ fixation/stabilization,
other factors being equal. Options which rely on complete separation of
battery casings, and do not allow for treatment of a mixed lead
oxide/soil stream - Options 9, 12, 15 and 18 - do not score well due to
doubts about the ability of available equipment to perform complete
separation. Options which rely on incineration of ebonite - Options 11,
14,. 17 and 20 - do not score well due to doubts about the reliability of
incineration equipment. Retaining Option 10, however, presumes that
recovered ebonite can. be recycled. If this is not the case, if no
outlet for ebonite can be identified, then Option 10 is no longer a
feasible option.

Options 21 through 26 employ disposal of battery casing fragments
as a principal element. Three of the options stipUlate on-site disposal
of the fragments, and three of the options stipUlate off-site disposal
of th~fragments. TWo of the options req{"ire fixation/stabilization of
the remainder of the fill, two require chemical treatment, one requires
on-site disposal and one requires off-site disposal. All six of these
options scored relatively high for effectiveness and implementability,
and all six are quite close in estima.ted cost. As already discussed,
options which employ chemical treatment generally score lower than
options which employ fixation/stabilization. Options which specify on
site disposal of fill materials are estimated to be less expensive than
analogous options that specify off-site disposal. In addition, on-site
disposal of fill materials is deemed slightly preferable to off-site
disposal, because on-site disposal eliminates the risks associated with
transportation of hazardous materials. For these reasons, Options 21
and 25 are retained for further consideration. The other options in
this group will not be considered further.

Options 27 through 30 employ incineration of battery casing
fragments as a principal element. Doubts about the reliability of inci
neration equipment, as well as the administrative feasibility of
locating incineration equipment at the site, are reflected in lower
scores for these attributes. These options also constitute the most
expensive of the options considered, without offering significantly

3-25

scoEPA00004488



•

•

••

greater protection for public health or the environment. Options 27
through 30 are therefore eliminated from further consideration.

Selection of the final remedial options for treatment of surface
water and ground water does not require the methodical approach taken
above for the site fill. i\ substantial reduction of the remedial
options for surface water and ground water can be achieved by con
sideration of the applicability of the various options to the site.
Site characteristics which will affect the applicability of water treat
ment options are: 1) the humid setting of the site, 2) the placement of
the fill partially in the water table, 3) the demonstrated lack of
migration of site contaminants in ground water, 4) possible interference·
of organic contaminants discovered in the ground water with water treat
ment processes designed for inorganics, and 5) the degree of water
treatment required.

These site characteristics render controls for limiting contaminant
migration, including leachate plume barriers, both ineffective and
infeasible. Since contaminants are not migrating in ground water, any
barriers to migration will not accomplish site remedial objectives. Due
to the high ratio of precipitation to evaporation, a barrier upgradient
of the site may be overtopped by a :cising water table, requiring some
additional form of water control. In any case, placement of a barrier
upgradient of the site would not be expected to lower the water table at
the site, since ground water would not be prevented from flowing around
the barrier. i\ barrier surrounding the site, on the other hand, might
accumulate water inside its bounds, le~ding to increased vertical flow
through the fill or increased lateral flow through or over the barrier.
Even if an impermeable layer were placed on the site in conjunction with
an enclosing barrier, ground water would flow under the barrier, causing
the site to become a region of stagnant ground water. Because of the
depth to bedrock under the site, underflow could not be prevented by
securing a barrier to underlying strata. Therefore, options SGl and SG6
will not be considered further.

The degree of water treatment that will be necessary to achieve
ARARs renders in-situ water treatment techniques inapplicable. The
likely physical or chemical water treatments will generally result in
the site contaminants remaining in the soil, possibly in combination
with other precipitates. In addition, methods which have been developed
for treating ground water in situ may be sensitive to such diverse fac
tors as the characteristics of ground-water flow, the type of soil
comprising the aquifer, the depth of the aquifer, and the nature of the
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contaminant. Finally, the introduction of chemicals into the site fill
risks their introduction into the ground water. Therefore, options SG4
and SGS will not be considered further.

For the remaining remedial options, site characteristics, together

with characteristics of the site contaminants, will render certain of
the water treatment technologies ineffective or infeasible. Sedimenta
tion, filtration and flocculation could be employed to separate solids
suspended by excavation activities from surface water; but these pro
cesses would not be effective at reducing the amount of dissolved con

taminants. Neutralization could be employed to adjust the pH ~f acidic
ground water, but would probably be only slightly effective at reducing

the amount of dissolved contaminants.

Precipitation could be employed to reduce the solubility of site
contaminants in surface water and ground water. However, as has already
been mentioned, the ability c ; precipitation to remove metal species
from "':")lution is often not very good. Adsorption of contaminants on
soil particles or the presence of complexants could hold contaminants in
solution, in spite of the action of precipitating agents.

Distillation can be used to remove most inorganic compounds from a

liquid stream. However, th~ power requirements and ~aintenance require
ments contribute a high operating and maintenance expense to this tech
nology. Reverse osmosis and ultrafiltration also involve high operating
and maintenance costs, and the technical feasibility of employing these
methods to remove lead from ground water is unknown.

The final candidate remedial options for surface water and ground
water retained through the screening process are listed in Table 3.2-5.
These candidate options are described in the following sections,
together with the selected candidate alternatives.

3.3 FINAL CANDIDATE ALTERNATIVES

Options for treating the site fill that have been retained through
the screening process of Section 3.2 are listed in Table 3.3-1. The
final candidate alternatives are constructed by combining these options
with technologies for surface treatment, with site monitoring require
ments, and with institutional controls. The final candidate alter

natives are presented in Table 3.3-2, and are listed in Table 3.3-3.
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TABLE 3.2-5

FINAL REMEDIAL OPTIONS FOR SURFACE WATER AND GROUND WATER TREATMENT

Remedial Category
Specific Feature NW SWl SW2 SW3 SG2 SG3

Surface water Treatment

Surface Water Isolation x

Surface Water Remove! x x
Treat/Replace

Surface Water Remove! x x
Treat/Dispose

•

••

Ground Water Treatment

Groundwater Remove/
Treat/Replace

Groundwater Remove";
Treat/Dispose

x

x
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TABLE 3.3-1

LIST OF THE FINAL CANDIDATE ALTERNATIVES

OPTION 1
No-Action Alternative

OPTION 2
Removal and Disposal of Surface Piles of Battery Casings

OPTION 8
Removal and Disposal of Surface Piles of Battery Casings
Off-Site Disposal of Sediments

OPTION 10
Battery Casings Component Separation
Fixation/St~bilizationof Surface Soil/Subsurface

Soil/Sediments/Matte/(& Possibly Lead Oxide Mixed With
Soil)

OPTION 21
Battery Casings On-Site Disposal
Fixation/Stabilization of Surface Soil/Subsurface

Soil/Sediments/Matte

OPTION 25
On-Site Disposal Option
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TABLE 3.3-2

FINAL CANDIDATE ALTERNA~IVES

1 2A 2B 8 10 21 25
Remedial Category

· Specific Feature

Site Monitoring

· Site Monitoring X X X X X X X

Surface Treatment

· Lime Treatment X

· Paving/Capping, with Revegetation X X X X X

Surface & Subsurface Soil & Matte

· Soil/Matte Remove/Treat/Replace
Fixation/Stabilization X X

· Soil/Matte Remove/Dispose
On-Site Disposal X
Off-Site Disposal

Sediments

· Sediment Remove/Treat/Replace

• Fixation/Stabilization X X

· Sediment Remove/Dispose
On-Site Disposal X
Off-Site Disposal X

Battery Casings

· Casings Remove/Treat/Recycle
Component Separation X
PbO/Soil On-Site Treat/Dispose X

· Casings Remove/Dispose
Surface Pile Remove/Dispose X X X
On-Site Disposal X X
Off-Site Disposal

Disposal

· Residual Disposal X X X

Institutional

· Institutional Controls X X X X X X

Remedial Classification• No-Action Alternative X

e Containment Alternative X X X X X
Alternative w/out Long-Term Management of

Residuals X
Alternative Involving Treatment As a

Principal Element X X
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TABLE 3.3-3

LIST OF THE FINAL CANDIDATE ALTERNATIVES

ALTERNATIVE 1 No-Action Alternative

•

•e

Monitoring
Air Quality 1onitoring
Monitoring Wells
Monitoring of Surface Water

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
Sale Restrictions

ALTERNATIVE 2A

Monitoring
Air Quality Monitoring
Monitoring Wells
Monitoring of Surface Water

Surface Treatment
Lime Treatment
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal (Surface Piles Only)
Off-Site Disposal (Surface Piles Only)

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
Sale Restrictions

ALTERNATIVE 2B

Monitoring
Monitoring Wells

Surface Treatment
Paving or Capping
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal (Surface Piles Only)
Off-Site Disposal (Surface Piles Only)

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
Sale Restrictions
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TABLE 3.3-3 (Continued)

ALTERNATIVE 8

Monitoring
Monitoring Wells

Surface Treatment
Paving or Capping
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal (Surface Piles Only)
Off-Site Disposal (Surface Piles Only)

Sediment Treatment/Disposal
Sediment Removal for Treatment/Disposal
Off-Site Disposal

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
Sale Restrictions

ALTERNATIVE 10

Monitoring
Monitoring Wells

Surface Treatment
Paving or Capping
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal
Recycle of Casing Materials

Component Separation
Recycle Sales

Soil, Sediment and Matte (and Possibly Lead Oxide Mixed with
Soil) Treatment/Disposal

Soil, Sediment and Matte Removal for Treatment/Disposal
On-Site Treatment

(Portland Cement, Lime Treatment, Pozzolanic Cementation
or one of the available proprietary Technologies)

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions
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TABLE 3.3-3 (Concluded)

ALTERNATIVE 21

Monitoring
Monitoring Wells
Leachate Collection System

Surface Treatment
Paving or Capping
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal
On-Site Vault Disposal

Soil, Sediment and Matte Treatment/Disposal
Soil, Sediment and Matte Removal for Treatment/Disposal
On-Site Treatment

(Portland Cement, Lime Treatment, Pozzolanic Cementation
or one of the available Proprietary Technologies)

Institutional Controls
Site Access Restrictions
Land Use Restrictions
Deed Restrictions

ALTERNATIVE 25 On-Site Disposal

Monitoring
Monitoring Wells
Leachate Collection System

Surface Treatment
Paving or Capping

(Asphalt, Portland Cement or Layered Cover System)
Revegetation

Battery Casings Treatment/Disposal
Casings Removal for Treatment/Disposal
On-Site Vault Disposal

Soil, Sediment and Matte Treatment/Disposal
Soil, Sediment and Matte Removal for Treatment/Disposal
On-Site Vault Disposal

Institutional Contro~5

Site Access Rest=:=~ions

Land Use Restric~:Jns

Deed Restrictions
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Onder the SARA amendments to CERCLA and interim feasibility study
guidat:1ce from the EPA which implements SARA, final candidate alter
natives must include a No-Action Alternative, a containment alternative,
at least one alternative which eliminates the need for long-term manage
ment of residuals, and at least one alternative which involves treatment
as a principal element. The conformance of the final candidate alter
natives to these criteria is illustrated in Table 3.3-2 •
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4.0 DESCRIPTIONS OF THE FINAL CANDIDATE ALTERNATIVES

The screening of the preliminary remedial action alternatives sum
marized in Section 3.0 eliminated those which would be relatively less
protective of the public health or the environment, or which were rela
tively more expensive without furnishing greater protection. The
screening process yielded the group of Final Candidate Alternatives
listed in Table 3.3-3.

The Final Candidate Alternatives are fully described in this sec
tion. The descriptions include the following, as appropriate:

•

o

o

o

o

o

o

o

:'he goal of the remedial alternative, that is, the general
response action categories which the alternative addresses;

Key features of the alternative, such as the associated reme
dial technologies, and including available information on per
formance and reliability;

Conceptual design features of major facilities, operating
equipment and construction machinery;

Engineering, safety, institutional, environmental and public
health . considerations that may influence the effectiveness of
the alternative;

Maps depicting the extent of the remedial activity;

Operation, maintenance and monitoring requirements; and

General response action categories that the alternative does
not address.

•e

Technologies for treating surface and ground water are also con
sidered further in this section. In the development of the detailed
descriptions of the alternatives, applicable remedial options for sur
face water and' ground water are examined, and suitable treatment or
control methods are presented.

The detailed descriptions of the alternatives provided in this sec
tion furnish the basis for the detailed evaluation of the technical,
institutional, cost, public health and environmental aspects of the
alternatives which is summarized in Section 6.0. The design information
presented is, in most cases, of sufficient detail to permit the estima
tion of alternative costs to within -30 to +50 percent. The design

4-1
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information presented should not be interpreted as final. Detailed
design of the selected remedial action alternative will require careful
consideration of public sentiment and agency policy, as well as the
refinement of technologies through pilot plant studies and additional
site work.

4.1 ALTERNATIVE 1: No Remedial Action

Monitoring: Air Quality Monitoring: Monitoring Wells: Surface
Water Monitoring

Institutional Controls: Site Access Restrictions: Land Use
Restrictions: Deed Restrictions: Sale Restrictions

Description

The No-Action Alternative is not a category of remedial tech

nologies but a group of activities that can be used to address the con
tamination problem when remediation measures are not implemented. The
activities involve monitoring of the known pollutant pathways. The
pathways considered in this alternative are ground water, surface water,
soils, vegetation, and airborne.

Ground-Water Monitoring

Ground-water monitoring will be performed twice per year at a mini
mum of eight sampling points to determine changes in concentration and
plume migration. The wells that will be monitored are those located in
the study area used for the RI. There are 18 wells at different loca
tions and some having multiple completions providing 31 sampling points
in the study area. They are RPW-1D, RPW-2D, RPW-3D, RPW-40, RPW-5D,
W-1D, W-2D, W-3D, W-3D2, W-40, W-6B, W-60, W-65, W-7D, W-7S, W-8D, W-90,
W-10D, W-IlB, W-llO, W-IlI, W-IlS, W-l20, W-12I, W-l2S, W-15D, W-lSI,
W-1SS, W-16D, W-16I, and W-16S. Of these points, the sampling program
will include RPW-4D, W-80, W-9D, W-IIS, W-llI, W-IlD, W-3B, and W-6D.
Points sampled in each period are designed to detect changes in con
centration and plume migration.

Airborne Monitoring

Three high volume air monitors (HIVOLl are located on site. These

will be supplemented with four more located and installed on adjacent
properties. To monitor particulate migration, the seven monitors will
be sampled for a 24-hour period, twice per year. This will coincide
with the ground-water monitoring program. The filter media from these
monitors will be analyzed for lead.
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Surface-Water Monitoring

East and West Doane Lakes will be monitored twice per year to
determine changes in contaminant levels in the lake water. The sampling
program will be performed on a routine basis at the same time ~s air and
ground-water sampling. Sampling will be done by grab sampl 1 methods
at two locations in each lake. The four locations will be in approxi
mately the sediment sampling locations utilized in the RI, i.e., So-l,
So-2, SO-3, So-4, SO-5, 50-6, 50-10, so-i i , So-12 and So-13. The
samples will be analyzed for the lead content only.

Surface Soil Monitoring

Surface soils will be monitored annually in the secondary source
locations of the Gould and Rhone-Poulenc properties to determine
deterioration or improvement of the soils. This will be done in
approximately the same locations utilized in the RI phase. Six soils
samples will be taken. These will be approximately at SS-4, SS-5, SS-7,
S5-9, S5-28, and SS-29. The samples will be analyzed for lead.

Monitoring Report

A report will be prepared after each monitoring event is complete.
The document will report the monitoring findings and outline changes and
trends from the previous reporting periods.

Institutional Controls

The institutional controls pertinent to the Gould site include
water wells restrictions, zoning and land use restrictions, site access
restrictions, deed restrictions, and sale restrictions. Institutional
controls, which would be an integral part of the No-Action Alternative,
are recognized as effective control mechanisms of CERCLA sites. The EPA
Study on Institutional Controls from the Office of Policy Analysis (EPA
1987) described the framework for utilizing institutional controls, and
precedent is established for their use through severl Records of
Decision at other CERCLA sites. In particular, the Record of Decision
for the Western Processing site contains a provision that "Institutional
controls to permanently prevent the extraction and beneficial use of the
zone of contaminated ground water will also be necessary prior to site
close-out."
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Well Permit Restrictions

The Water Resources Department of the State of Oregon has respon
sibility for ground water use. No permit is required for a domestic
well of 15,000 gallon per day or an industrial well of 5,000 gallons per
day. Above these levels a water right application permit would have to
be issued by the Water Resources Department.

Site Access Restrictions

The site is fenced at the present time which is adequate to prevent
public access. Because of potential human health effects, Doane Lake
will be posted to warn intruders against drinking the water or swimming.

Zoning Restrictions

The Planning and zoning Bureau of the City of Portland is respon

sible for zoning designations. The zoning designation is currently
heavy industrial. Continuation of the industrial zoning would limit
residential and public land use. The Bureau of Buildings has enforce
ment responsibilities for city building and zoning code. The Permit
Center of the City of Portland issues building permits based on appli
cable building ~odes, zoning ordinance, completion of an environmental
checklist, and records filed with the Center which could relate to
environmental problems. The Permit Center has representatives from the
various bureaus, including planning and zoning, building, environmental,
etc.

Land Use Restrictions

In 1985 the State of Oregon enacted the Oregon Notice of Environ

mental Hazards Act (ORS Chapter 466). Under this legislation, the State
is empowered to give notice to local governments of potential hazardous
disposal sites and to impose use restrictions on those sites. At a
minimum, the notice must restrict post~closure use of the site to those
activities that will not disturb the components of any containment
system for site contaminants. Such restrictions at the Gould site could
be used to mitigate risks from contaminants by alerting all users of the
site to limitations posed by the presence of contaminants •
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Deed Restrictions

An owner may, wi thin the confines of the law, voluntarily place
notations on a property. deed, or on some other instrument which is nor
mally examined during a title search. Such notations or recordings
could include restrictions against certain uses of a property, such as
certain types of development or exploration, including well drilling.

Such a mechanism would be used by Gould under the No-Action Alternative
to prohibit the installation of ground-water withdrawal wells on the
Gould site.

Sale Restrictions

Among the rights a property owner possesses, in addition to the
right to impose voluntary deed restrictions, is the right to legally
bind the owner, his heirs, and his successors to a commitment that the
property will not be sold in perpetuity. As with deed restrictions,
such a legal commitment can consist of a notation on the property deed,
or on some other instrument which is normally examined during a title
search. In practice under this alternative, Gould Inc. would make such
a commitment for the Gould site. ~s a further protection, Gould Inc •
would commit to reassess the need for remediation under CERCLA or a
successor law in effect at the time, should Gould Inc. ever decided to
pursue a sale of the property.

4.2 ALTERNATIVE 2A

Monitoring: Air Quality Monitoring ~ Monitoring Wells; Monitoring
of Surface Water

Surface Treatment: Lime Treatment

Battery Casings Treatment/Disposa'l: casings Removal
Disposal (Surface Piles Only); Off-Site Disposal
only)

for Treatment/
(Surface Piles

•e
Institutional Controls: Site Access Restrictions; Land Use
Restrictions; Deed Restrictions~ Sale Restrictions

Description

Under this alternative, most of the fill material would be left in
place, thereby avoiding possible off-site exposure to site contaminants
due to fill excavation and handling. Only the surface piles. of battery
casing fragments, which presently constitute the major source of air
borne pollution from the site, would be removed for off-site disposal.
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The removal and disposal of -the surface piles of battery casing
fra~nts would reduce the airborne hazards associated with the Gould
site. Surface treatment of the Gould site by the application of lime
would reduce the migration of site contaminants in surface water and
ground water. By raising the pH of water infiltrating the fill, lime
treatment would reduce the solubility of lead in the water, thereby
reducing lead migration. Thermodynamic considerations alone suggest
that lead solubility would be reduced to less than 20 ug/l for a soil pH
of between 8.2 and 9.1. Because most of the site contaminants would be
left in place, however, this alternative does not act to reduce surface
or subsurface contamination. In addition, this alternative may provide
only minimal control of airborne contaminant migration.

Institutional controls would be used under this alternative to
restrict pUblic access to remaining site contaminants, to potentially
contaminated ground water and to surface water. Insti tutional control
over ground-water access would be implemented, as in the No-Action
Alternative, through deed and sale restrictions. Periodic sampling and
analysis of ground water using the monitoring systems described under
the No-Action Alternative will be used to verify the effectiveness of
the surface treatment, and to confirm that site contaminants are pre
ve~ted from migrating off site.

Surface Casing Removal

The removal and disposal of the surface piles of battery casing
fragments would be accomplished using conventional earthmoving machin
ery. A wheel loader or other standard excavator would be employed to
load the waste into transport vehicles, for direct conveyance to a land
fill off site. Three of the battery casing surface piles consist of a
heterogeneous mixture of plastic, ebonite, lead and miscellaneous bypro
duct materials. A survey of these three piles prOVided a volume esti
mate of nearly 30,000 ft3. The fourth pile consists mostly of ebonite,
and contains r~ughly 17,000 ft3 of material. The overall grade of the
site would not be altered under this alternative, except by the removal
of the surface piles: since the percolation of rain through the surface
soils will leach lime, the natural slope of the site will transport lime
over the surface of the site to the East Doane Lake remnant. The seep
age of lime into the lake will act to gradually increase the pH of the
lake water, thereby decreasing the amount of dissolved lead.
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Lime Application

Application of lime would be preceeded by thorough watering of the
surface to inhibit the generation of dust. The upper one and one-half
feet of soil would then be tilled to break up the surface crust. Next,
dry lime would be applied to the surface. The quantity of lime needed
to increase soil pH to above 8.2 would be estimated from pilot studies
conducted prior to treatment. The exact quantity necessary would be
determined by field measurements. The maximum amount of lime recom
mended for supporting agriculture is 6 tons per acre; and the maximum
amount recommended for a single application is 4 tons per acre, because
larger quantities can be difficult to mix completely (D.R. Christenson,
D. D. Warncke and R. Leep, 1983). Larger quantities are frequently used
for cementing soils; soil cementation, however, is not the purpose of
this alternative.

Immediately after applying lime to the surface, watering would be
repeated. Then, a disc would be employed to mix the lime into the fill.
Discing would be followed by repeated application of lime, if necessary;
by re-watering and discing to mix the additional lime; and finally by
soil compaction •

Those areas that will be affected by excavation or lime treatment,·
depicted in Figure 4.2-1, are those areas where surface soils or debris
fail EP Toxicity results for lead, or where buried source materials are
located.

Off-Site Disposal

All technologies considered for handling source materials at the
site are discussed in Section 2.3 of the report. Given the relatively
small volume of battery casing fragments in the surface piles, off-site
disposal is the most feasible disposal method. RCRA manifest reqUire
ments must be met for the transportation and disposal of all dangerous
or extremely hazardous waste. In addition, the waste generator should
ensure that the facility selected to receive the waste is in compliance
wi th all applicable federal and state environmental and puhlLc health
statutes. The nearest approved hazardous waste landfill is the Chem
Securities facility in Arlington, Oregon. The battery casing fragments
would be transported in 20-ton dump trucks in bulk. Complete sealing of
the material in the trucks would be ensured during transport •
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Institutional Controls

The institutional controls appropriate to the Gould' site include

controls on water wells, zoning and land use restrictions, sale restric
tions and site access restrictions. As shown in Figure 4.2-2, the zoning

designation of the site and vicinity is heavy industrial (HI) at pre

sent. Maintenance of the present zoning would limi t residential and
public land use. The Building and Zoning Department has the responsi

bility for enforcing the city building and zoning codes. This depart
ment issues demolition and building permits based on applicable building

codes and zoning ordinances, and after completion of an environmental

checklist and a search of department records for files relating to

environmental problems. This system could be used to require treatment

of subsurface filIon the Rhone-Poulenc property, for example, prior to
development. In general, the site could not be developed or modified
without assurance that appropriate actions would be taken to control the

onsite contaminants.

Operation and Maintenance

Regular inspection of the site, together with a long-term moni

toring program, will be needed to ascertain the continuing effectiveness

of the lime treatment method. The required l~ng-term monitoring progr~

would be the same as that described in Section' 4.1 for the NO-Action
Alternative. In non-traffic areas, limited durability of the surface

layer will demand maintenance and replacement during the 30-year design
period, perhaps as frequently as every three years. The actual fre

quency of replacement would be determined based on air monitoring
results, ground-water monitoring results, and visual observation. For

cost purposes, replacement every three years is assumed.

••

4.3 ALTERNATIVE 2B

Monitoring: Monitoring Wells; Air Monitors
Surface Treatment: Capping; Revegetation

Surface Water: Isolation of East Doane Lake
Ground Water: Institutional Controls

Battery Casings Treatment/Disposal: Casings Removal for Treatment/
Disposal (Surface Piles Only); Off-Site Disposal (Surface Piles Only)

Institutional Controls: Site Access Restrictions; Land Use
Restrictions; Deed Restrictions; Sale Rest=ictions
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Description

Under this alternative, as under Alternative 2A, the fill material
would be left in place, thereby avoiding possible off-site exposure to
site contaminants due to fill excavation and handling. Only the surface
piles of battery casing fragments, which presently constitute the major
potential source of airborne pollution from the site, would be removed
for off-site disposal.

The removal and disposal of the surface piles of battery casing
fragments would reduce the airborne hazards associated with the Gould
site. Removing the surface piles of battery casing fragments would also
ease site capping. Capping of the site would reduce airborne con
taminant migration to an acceptable level, and would be accompanied by
site regrading to reduce the migration of site contaminants in surface
water. Regrading would be used to direct runoff away from the East
Doane Lake remnant. The existing outlet of the lake to the willamette
River would be plugged, eliminating this outlet as a path for con
taminant migration off site. This alternative acts to control vertical
contaminant migration in ground water by eliminating the direct
infiltration of water through the surface.

Institutional controls would be used under' this alternative to
restrict pUblic' access to remaining site contaminants, to potentially
contaminated ground water and to water remaining in the East Doane Lake
remnant. Periodic sampling and analysis of ground water employing the
well monitoring systems described under the No-Action Alternative will
be used to verify that site contaminants are prevented from migrating
off site.

Surface Pile Removal

The removal and disposal of the surface piles of battery casing
fragments would be accomplished using conventional earthmoving machi
nery. A wheef loader or other standard excavator would be employed to
load the waste into transport vehicles, for direct conveyance to a land
fill off site. As previously discussed, three of the battery casing
surface piles consist of a heterogeneous mixture of plastic, ebonite,
lead and miscellaneous byproduct materialS, and the fourth pile consists
mostly of ebonite .

Following the removal of the surface piles of battery casing
fragments, the site would be regraded to direct runoff away from the
East Doane Lake remnant. Regrading would be accomplished using a wheel
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tractor scraper and a grader. A swale would be raised along the south
west side of the lake, along the American Steel property line and across
the Gould property. Runoff collected behind this swale would be
directed into a drain on the Gould property, and piped into the storm
sewer system for discharge into the Willamette River. Without the
recharge provided by surface runoff, the East Doane Lake remnant would
no longer require an overflow to the Willarnette River, and the existing
overflow channel could be blocked.

Surface Treatment

The surface treatment would consist of a soil/bentonite cap applied
over the fill materials in four layers. Soil containing roughly 18 to
24 percent bentonite by weight would be applied to form a cover layer
2-feet thick~ the exact mix of soil and bentonite would be determined
by pilot-scale testing at the site. This soil/bentonite surface cap

would be covered by a layer of topsoil 4 inches thick. Revegetation of
the site using hydroseeding or a comparable technology would stabilize
the surface cap, assist in controlling erosion, and improve the final
appearance of the site.

The areas that will be affected by excavation, regrading or surface
capping match the areas that would be affected under Alternative 2A, and
are depicted in Figure 4.2-1.

Off-Site Disposal

As discussed under Alternative 2A, given the small volume of bat
tery casing fragments in the surface piles, off-site disposal is t~e

most feasible disposal method. RCRA manifest requirements must be met
for the transportation and disposal of all hazardous wastes; the waste
generator will ensure that the facility selected to receive the waste is
in compliance with all applicable federal and state environmental and
public health statutes. The nearest approved hazardous waste landfill
is the Chem Securities facility in Arlington, Oregon. The battery
casing fragments would be transported in 20-ton dump trucks in bulk.
Complete sealing of the material in the trucks would be ensured during
transport.

Institutional Controls

As already discussed, the institutional controls appropriate to the
Gould site include controls on water wells, zoning and land use restric
tions, sale restrictions, and site access restrictions. Maintenance of
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the present zoning would lind t residential and public land use. In
general, the site could not be developed or modified without assurance
that .appropriate actions would be taken to control the onsi te con
taminants.

Operation and Maintenance

Regular inspection of the site, together with a long-term ground
water monitoring program, will be needed to ascertain the continuing
effectiveness of the treatments employed under Alternative 2B. The
required air and ground-water moni toring program would be tae same as

that described in Section 4.1 for the No-Action Alternative.

•

4.4 ALTERNATIVE 8

Monitoring: Monitoring Wells; Air Monitors
Surface Treatment: Capping; Revegetation
Surface Water Treatment: Piltration/Flocculation; Isolation of
East Doane Lake
Ground Water: Institutional Controls
Battery Casings Treatment/Disposal: Casings Removal for Treatment/
Disposal (Surface Piles Only); Off-Site Disposal (Surface Piles
Only)
Sediment Treatment/Disposal: Sediment Removal for Treatment/
Disposal; Off-Site Disposal
Institutional Controls: Site Access Restrictions; Land Use
Restrictions; Deed Restrictions; Sale Restrictions

••

Description

This alternative consists of removing and disposing of the surface
piles of battery casing fragments, excavating and disposing of the East
Doane Lake sediments, and surface cap~ing. As under Alternatives 2A and
2B, fill material other than the lake sediments and the surface piles of
battery casing fragments would be .left in place, thereby avoiding
possible off-site exposure to site contaminants due to fill excavation
and handling. As previously noted, surface piles of battery casing
fragments constitute the major potential source of airborne pollution
from the site. Surface capping would eliminate airborne contaminant
migration entirely, and would be accompanied by site regrading to reduce
the migration of S.1.: e contaminants in surface water. The existing
outlet of the lake t~ :je willamette River would be plugged, eliminating
this outlet as a pat~ :~r contaminant migration off site •
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Because they are in intimate contact with surface water in the East
Doane take remnant, the lake sediments constitute a possible source of
surface water contamination. Removal of the sediments would prevent
further contamination of the lake water by eliminating this contaminant
source. While the sediments are being excavated, however, substantial
mechanical mixing is likely to occur. The mixing of sediments with the
lake water may result in elevated levels of contaminants in the water,
in the form of either dissolved species or suspended solids. After the
sediments have been removed, the suspended or dissolved contaminants
might redeposit on the lake bottom, thereby reestablishing a source of
continuing pollution. Treatment of surface water by filtration and
flocculation while sediment excavation proceeds will maintain con
taminant concentrations in the water at reasonable levels, preventing
suspended solids from bypassing the sediment removal operation. This
alternative acts to control vertical contaminant migration in ground
water by eliminating the direct infiltration of water through the sur
face.

Institutional controls would be used under this alternative to
restrict public access to remaining site contaminants ,to potentially
contaminated ground water and to water remaining in the East Doane Lake
remnant. Periodic sampling and analysis of ground water employing the
we1i monitoring systems described under the No-Action Alternative- will
be used to verify that site contaminants are prevented from migrating
off site.

Excavation

"It is assumed that cleanup of sediments in the East Doane take rem
nant will require the removal of about one foot of the lake bottom. The
sediments will probably contain rocks and battery casing fragments.
Sediments may be removed using a dr~gline or by dredging: a dragline
wi th a 60- to 70-foot boom crane is the prime candidate for sediment
excavation.

As under Alternatives 2A and 2B, the removal and disposal of the
surface piles of battery casing fragments would be accomplished using
conventional earthmoving machinery. A wheel loader could be employed to
load the fragments into transport vehicles; however, employing a
dragline for both the surface piles and the sediments may be more prac
tical and more cost-effective •

Following the removal of the sediments and the surface piles of
battery casing fragments, the site would be regraded to direct runoff
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away from the East Doane Lake remnant. A swale would be raised along
the southwest side of the lake, along the American Steel property line
and across the Gould property. Runoff collected behind this swale would
be directed into a storm drain on the Gould property, and piped into the
storm sewer system for discharge into the Willamette River. Without the

recharge provided by surface runoff, the East Doane ·Lake remnant would
no longer require an overflow to the Willamette River, and the existing

overflow channel would be blocked.

The surface treatment would consist of a soil/bentonite cap applied

over the fill materials in four layers. Soil containing roughly 18 to
24 percent bentonite by weight would be applied to form a cover layer

2-feet thick~ the exact mix of soil and bentonite would be determined by
pilot-scale testing at the site. This soil/bentonite surface cap would
be covered by a layer of topsoil four inches thick. Revegetation of the

site using hydroseeding or a comparable technology would stabilize the
surface cap, assist in controlling erosion, and improve the final
appearance of the site.

The areas that will be affected by excavation, regrading or surface

capping are depicted in Figure 4.4-1.

Off-Site Disposal

As discussed previously, given the small combined volume of sedi
ments and battery casing fragments in the surface piles, off-site dispo
sal is the most feasible disposal method. RCRA manifest requirements
must be met for the transportation and disposal of all hazardous wastes:
and the waste generator must ensure that the facility selected to
receive the waste is in compliance with all applicable federal and state
environmental and public health statutes. The nearest approved hazar
dous waste landfill is the Chem Securities facility in Arlington,
Oregon. The sediments and battery casing fragments would be transported
in 20-ton dump trucks in bulk. Complete sealing of the material in the
trucks would be ensured during transport.

Institutional Controls

As already discussed, the institutional controls appropriate to the
Gould site include controls on water wells, zoning and land use restric

tions, sale restrictions and site access restrictions. Maintenance of
the present zoning would limit residential and public land use. In
general, the site could not be developed or modified without assurance
that appropriate actions would be taken to control the onsite con
taminants.
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Isolation of East Doane Lake~ Filtration/Floculation

Institutional Controls

•

•

Operation and Maintenance

Regular inspection of the site, together with air and ground-water

monitoring, will be needed to ascertain the continuing effectiveness of

the treatments employed under Alternative 8. The required groundwater

monitoring program would be the same as that described in Section 4.1

for the No-Action Alternative.

4.5 ALTERNATIVE 10:

Soil/Sediment Treatment/Disposal: Fixation/Stabilization of Surface

Soil, Subsurface Soil, Sediments, and Matte
Surface Treatment: Surface Capping and Revegetation

Battery Casings Treatment/Disposal: Separation of Battery Casing

components
Surface Water:
Ground Water:

Description

Surface soils and sub-surface soils contaminated with levels

greater than 3,000 ppm total lead (assumed EP Toxicity of 5 ppm) and the
sediments and matte will be removed and treated with a fixation additive

to 'bind the lead in the soils matrix. The battery casings will be
removed and treated to separate the component materials such that they

can be recycled or disposal of off site. These two actions will miti

gate the airborne and sub-surface materials problems. The stabilized
product from the soils process will be backfilled, graded, and recom

pacted. A soil cap a~d vegetative cover will be placed over the back
fill to prevent weathering of stabilized soil and subsequent remobili

zation of the metal components. East Doane Lake will be isolated and

the site graded to prevent surface drainage entering the lake. The

following describes the process and unit operations.

Earthmoving

The contaminated surface soils will be removed by bulldozers and
motor scrapers, and stockpiled adjacent to the soils treatment facility.
The surface soil quantity is as shown in the table below.

••
The subsurface contaminated soil sediments and matte

removed, using a dragline or backhoe for the mass excavation.
and bulldozers will be used for clean-up. The bulldozer will
used to break up the large pieces of sediments and matte to a
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inch size. Surface and subsurface soil volumes with contamination above
3,000 ppm total lead, and the other waste materials are estimated t~ be
the following:

Surface Soils
Sub-surface Soils
Sediments
Matte
Battery Casings

Volume
(cu yd)

3,370
13,650

5,500
5,930

80,000

Mass
(tons)

4,344
17,593

5,560
12,000
75,786

•

•e

Dump trucks will transfer the contaminated soils to a stockpile
adjacent to the soils treatment facility. Soils less than 3,000 ppm
removed for ease of access and slope stability will be stockpiled and
later used as backfill. This volume is estimated to be 17,800 cu. yd.

To prevent run-off into East Doane Lake, the site will be graded
away from the shoreline. In addition to the earthmoving required on the
Gould site, the northeast section of the American Steel Industries
parking lot, which drains to the lake, will require modification. This
will involve removing approxi~tely 2,600 square feet of asphalt,
installing a drain system discharging to the Gould site, and repaving
the area.

The excavation of subsurface battery casings and subsequent treat
ment will result in an extension of East Doane Lake. To prevent ero
sion, the excavation will be graveled at the shoreline and coarse gravel
will be spread and graded for three feet above and below the waterline.

To prevent excess airborne migration during surface and subsurface
excavation of material, dust control will be practiced as required.

Battery casings will be excavated by loader and backhoe. Dump
trucks will be used to deliver the casings to a stockpile located adja
cent to the battery casing treatment plant. The casing quanti ties are
as shown above.

The treated soils will be back hauled to the excavation by trucks
and motor scrapers, then graded and compacted in lifts suitable for the
soil type. The site will be graded to have swales and slopes to provide
soil stability, drainage, and prevent run-on from adjacent areas. Top
soil will be imported to provide a three inch soil cap with a vegetative
cover to prevent weatnering and subsequent airborne migration~
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Soils Treatment Facility

Atreatment facility will be constructed at the site to treat con
taminated subsurface materials. The process is depicted on the flow
diagram on Figure 4.5-1, and consists of a comminution system to reduce
the materials to a relatively uniform size, and then pUgmilling with an
additive to bind the metals in the soils matrix. It is assumed for pur
poses of this study that the material size required for successful
pugmilling is 100 percent minus 1/4 inch.

The crushing facility is comprised of two stages of crushing (jaw
and cone), with a vibrating screen in close circuit with the cone
crusher. The system is interconnected with belt conveyers. The sub
surface materials that are stockpiled adjacent to the treatment facility
are fed in a hopper at the start of conveying system by loader. The
sub-surface materials in the hopper are drawn down by a vibrating feeder'
at a rate of 10.5 tons per hour and discharged to a belt conveyer that

feeds the jaw crusher.

The jaw crusher reduces all materials to 100 percent minus 1.5 inch
and discharges it to a conveyer, feeding the vibrating screen. At the
screen it is joined wi th the material from the cone crusher, and the
minus 1/4 inch material is screened out. . The screen o~ersize is
directed to the cone crusher which reduces the material to 50 percent,
minus 1/4 inch. The cone crusher product is transported by conveyer to
join the jaw crusher material at the feed to the vibrating screen. The
screen undersize (minus 1/4 inch) is transported to the pugmilling
system feed hopper.

In the pugmilling section, the process commences at the feed hopper
which provides a total surge capacity of one hour between the two
systems. Stockpiling, retrieval, material handling, and circulating
loads in the crushing circuit have now provided a uniform blend of feed
material to the pugmill. The contents of the hopper ar~ drawn down by
vibrating feeder at a constant rate of 12 tons per hour. The feeder
discharges the material to the pugmill where it is joined with binder
additive and a predetermined amount of water. Dependent on the type of
additive, it is fed 0:0 the pugmill either as a slurry or as a dry
material by feeder. :::1 the pugmill the additive is driven into the
soils by paddle and r equ i r ed amount of electromotive energy. The
additive comprise 0:: : :~mentitious fixative (cement, pozzolan, lime,
clays); a reducing a';-,:,.-:., 3.:1d various proprietary chemicals. The actual
additive composition J~~ ~:s ratio will be determined by pilot testing
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•
during the design phase. The pugmill discharges the stabilized soil to
a belt conveyer which transports it to a stockpile from where it can be
retrieved by loader for backfilling.

Battery ·Casing Treatment Plant/Ebonite Treatment Plant

A treatment facility will be constructed at the site to treat the

contaminated battery casings and produce potentially recyclable pro
ducts or a reduction in material to be subsequently disposed. The pro
cess is depicted on the flow diagrams in Figures 4.5-2 and 4.5-3, and
consists of a comminution system to reduce the materials to a size at
which they can be separated. This is followed by a series of hydro
classifiers which separate the various products in water by the dif
ferential specific gravities. Separation is performed as a function of
material specific gravity and detention time in each classifier. Ebonite
is then ground in a separate treatment facility. The quantities and
specific gravities of each of the casing components are estimated to be
the following:

Bulk Density Bulk Vol. Mass
Component S.G. nbs/cu. ft. ) (cu. yd. ) (tons)

Plastics 0.94 32.51 5,544 2,433• Ebonite 1.55 36.51 76,370 37,643
. Rock/Debr i s 2.72 75.00 6,234 6,312

Lead Oxide 9.10 214.37 9,854 28,517
Metallic Lead 11.34 267.46 244 881
Average/Total 4.60 57.14 98,246 75,786

The process starts with the casings being recovered from the stock
pile by loader and discharging them into a conveyer feed hopper. The
hopper is drawn down by a belt feeder which feeds the conveyor belt at
the constant rate of 20.2 tons per hour. The conveyor feeds a shredder
or hammer mill which reduces the casing materials to 100 percent - 1/2
inch. ~~e shredder is washed constantly with a spray of recycled pro
cess water. The shredder products, including the water, discharge into
the first hydroclassifier.

•e
Since the components having a higher mass settle most rapidly,

metallic lead will be removed in the first classifier, lead oxide in the
second, rock and debris in the third, and so forth. Since lead oxide is
a very fine material, two classifiers stages are required to scavenge
the material from the liquid. The oxide also carryover more water
(about 20 percent by weight) which requires that it be passed through a
filter to reduce it to LO to 12 percent. All other materials discharged
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carryover about 12 percent moisture by weight. The last classifier
separates the ebonite and plastics. The ebonite is discharged with about
12 percent moisture and the plastics with about 98 percent moisture.
This will be then passed through a dewatering vibrating screen. Water
recovered from the dewatering screen and oxide dewatering is gathered in
a tank from which it is pumped and recycled to the process.

Ebonite Treatment Plant

A treatment facility will be constructed at the site to reduce the
size and bag the ebonite for sale in the drilling mud market. The pro
cess is described graphically in Figure 4.5-3 and consists of a drying

system to reduce the excess moisture to less than five percent and a
comminution system to reduce the ebonite to about 200 mesh (U.S. Sieve).
This is followed by a bagging system which places and seals the material
in paper sacks for shipment.

The process commences with a wheeled loader picking up the ebonite
from a stockpile in the Battery Casing Treatment Plant. The loader
discharges the ebonite to a feed hopper in the Ebonite Treatment Plant.
The hopper is drawn down by a screw feeder which discharges to the ebo
nite at a constant rate of 10 tons per hour to a bucket.elevator. The .
bucket elevator raises the material 12 feet and discharges it to a screw
dryer. The screw dryer is electrically heated and air is swept through
it by an I.D. fan. This action drives-off the moisture as vapor in the
air which is directed to a baghouse dust collector. The screw
discharges the dry ebonite directly into an air-swept mill.

In the mill, the ebonite is crushed by rollers. Air is drawn up
through the mill mobilizing and removing the ground particles. The
exhausted air stream is directed through ducts to a cyclone. In the

cyclone, the particles are separated from the air by vortex action and
discharged through the bot tom (apex). The recovered air is returned
through the mill providing the up-draft air for further particle
transportation. A small portion of the cyclone recovered air is bled
off to the baghouse dust collector. The ground particles discharged
from the cyclone apex are directed through an enclosed chute to a
bagging machine. At the bagging machine the ground ebonite is
discharged in measured vo Lume to paper sacks. The machine seals the
sacks and then they arc removed and placed on pallets for storage and
transportation.

The exhaust air !~: ~apor from the dryer and the air bled from the
cyclone overflow joi~ !t the baghouse plenum. The baghouse filters the
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air through cloth bags to remove entrained ebonite dust. The bags are
periodically sbcok ' by an automatic mechanism settling the dust to the
bottom· of the baghouse. The settled dust is also discharged to the
bagging machine.

The separated materials are stockpiled and recovered by loaders
when shipped. The recovered rock and debris is transported to the feed
stockpile of the soils treatment plant to be processed with other soils.

Operations and Facility Description

For purposes of utilization of staff, facilities, material handling
equipment, and utilities, it is assumed that the soils treatment plant,
the battery casing treatment plant, and the ebonite treatment treatment
plant will be located adjacent to each other and share the same faci
lity. The equipment and areas required to be covered (1. e., pugmill,
classifiers, dryer, mill, bagging machine, baghouse, additive feed and
mixing systems, additive storage, recycle components) will be located in
a 18,000 square foot prefabricated building. The building will also
include a sample preparation and storage room, bagged ebonite storage
area, electrical room, operations office, change room, and toilets.

For the same purposes, it is assumed that the three plants will
operate concurrently except for about three months at the start and :

three months at the end of operation. Because of the differences in the
excavation phases for casings and soils, it is assumed that the battery
casing plants will start operation three months before the soils plant,
and the soils plant will run three mo~ths after the end of the casing
plant operations. This will result in an estimated operating time of
two-and-a-half years. The plants will operate eight hours per day,

five days per week, and assuming an availability factor of 90 percent,
the annual operating hours will be 1,875 per year. Plant through-put
rates are calculated as follows:

Soils T~eatment Plant
39,497 tons/l87S hr. x 2 yrs = 10.5 tons/hr

Battery Casings Treatment Plant
75,786 tons/187S hr. x 2 yrs = 20.2 tons/hr

Ebonite Treatment Plant

37,643 tons/18?S hr. x 2 yrs = 10.0 tons/hr

It is assumed that the facility will operate with eight full-time
and two part-time personnel. They will consist of the following:
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Quantity

1
1
2
1
2
3
1
1

Title

Operation Manager
Sr. Process Engineer
Process Operator
Quality Control Technician
Heavy Equipment Operators
Laborers
Safety Engineer (part time)
Clerk (part time)

Hrs/Yr

2080
2080
4160
2080
4160
6240

60
1200

•

•e

Maintenance would be done on an as-needed contract basis, which is
assumed to be 800 hours per year. At the end of the two year operating

period, the plant will be dismantled and removed, foundations demolished
and disposed of, the plant area graded to the slope contours of the
remainder site, and revegetated.

Surface Water Treatment

The surface water pollution problem is caused by runoff becoming
contaminated by contact with contaminated soils and then discharging
into East Doane Lake. The lake also is charged with contamination from
groundwat~r sources.. The lake is in a depression and receives runof f
from the surrounding proper'tLes , East Doane Lake currently overflows
during rainy periods and discharges to the Willamette River during heavy
runoff periods. The overflow carries with it the contaminants from the
lake.

To prevent the off-site discharge of these pollutants, the overflow
will be permanently sealed. The site will be graded down away from the
lake shoreline and the necessary swales and trenches constructed to pre
vent runoff entering the lake.

Testing Program

The end product of soil stabilization treatment will be tested for
the appropriate physical and chemical characteristics. The design of
the testing procedures will come after the pilot testing and selection
of the particular stabilization technique. For the Gould site, the pro
duct will probably be a friable or soil-like material that will be sub
jected to physical tests typically used for soil compaction. Chemical
containment properties of stabilized waste are difficult to predict from
physical tests. The testing program would determine treated and
untreated soil properties for porosity, permeability, wet and dry den
sities, particle size distribution, bulk properties, and durability.
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(See Guide to the Disposal of Chemically Stabilized and Solidified
Waste, EPA, 19S2.)

Chemical leach testing of stabilized soil is recommended to predict
its chemical stability. A great number of leach testing techniques are
available. The major variables in the different procedures include the
leaching solution characteristics, waste solution, time of contact, sur
face area of waste and agitation technique. A conservative testing pro
cedure should be devised to test the chemical leaching potential of the
stabilization method used.

Monitoring

The monitoring program will consist of airborne monitoring during
the construction period and groundwater/surface water monitoring subse

quently to determine the remedial conditions.

Ground-Water Monitoring: Ground-water monitoring will be performed
once per year at eight sampling points to determine changes in concen
tration and plume migration. The wells that will be monitored are those
located in the study area used for the remedial investigation. There
are lS wells at different locations and some having mUltiple completions
providing 31' sampling points in the stuc:iy area.. They are RPW-IO, RPW-20,
RPW-30, RPW-40, RPW-50, W-10, W-20, W-30, W-302, W-40, W-6B, W-60, W-65,
W-70, W-7S, W-SO, W-90, W-100, W-llB, W-llO, W-llI, W-llS, W-120, W-12I,
W-12S, W-lSO, W-1SI, W-lSS, W-160, W-16I, and W-l6S. Of these points,
sampling program will include RPW-40, W-SO, W-90, W-llS, W-llI, W-llO,
W-3B, and W-60. Points sampled in each period are designed to detect
changes in concentration and plume migration.

Surface-Water Monitoring: East and West Doane Lakes will be moni

tored annually to determine changes in contamination levels in the
lakes. A sampling program will be performed on a routine scheduled
basis at the same time as groundwater. Sampling will be done by grab
sampling methods at two locations in each lake.

The four locations will be in approximately the sediment sampling
location utilized in the RI, i.e., 50-1, 50-2, 50-3, 50-4, 50-5, 50-6,
50-10, 50-11,50-12, and 50-13. The samples would be analyzed for the
lead content only •

A~rborne Monitoring: Three high volume air moni tors (RIVOL) are
Locatie., on site. These will be supplemented with one more. The four
will be located and installed just off-site on adjacent properties. To
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monitor particulate migration, the four
tinually during the construction period.
monitor"s will be analyzed for lead.

monitors will be sampled con
The filter media from these

Monitoring Report: A report will be prepared annually after the

monitoring activities are complete. The document will report the moni
toring findings and outline changes and trends from the previous

reporting periods.

Institutional Controls

The institutional controls pertinent to the Gould site include

water wells restrictions, zoning and land use restrictions, site access

restrictions, deed restrictions, and sale restrictions.

Each of these has been discussed in Section 4.1~ those discussions

apply to this alternative as well.

e"

4.6 ALTERNATIVE 21

Soil Treatment/Disposal: Removal and Fixation of Subsurface Soils
and Materials

Surface Treatment:, Surface Capping and Revegetation
Battery Casing" Treatment/Disposal: Battery Casing Removal and
Disposal in an On-Site Tumulus
Surface Water: Isolation of East Doane Lake
Ground Water: Institutional Controls

e
e

Description

Surface soils and subsurface soils contaminated with levels greater
than 3,000 ppm total lead (assumed EP Toxicity of 5 ppm) and the sedi

ments and matte will be removed and treated with a fixation additive to
bind the lead in the soils matrix. The battery casings will be removed
and disposed of in RCRA-design tumulus constructed on site. These two
actions will mitigate the airborne and sub-surface materials problems.
The stabilized product from the soils process plant will be backfilled,
graded, and compacted. A soil cap and vegetative cover will be placed
over the backfill and tumulus cover to prevent weathering of stabilized
soil, and sUbsequent remobilization of the metal components. East Doane
Lake will be isolated and the site graded to prevent surface run-off
entering the lake. The following describes the process and unit opera
tions.
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Earthmoving

The contaminated surface soils will be removed by bulldozers and
motor scrapers, and stockpiled adjacent to the soils treatment facility.
The subsurface-contaminated soil sediments and matte will be removed,
using a dragline or backhoe for the mass excavation. Loaders and
bulldozers will be used for cleanup. The bulldozer will also be used to
break up the large-pieces of sediments and matte. Surface and subsur
face soil volumes with contamination above 3,000 ppm total lead, and the
other waste materials are estimated to be the following:

Surface Soils
Sub-surface Soils
Sediments
Matte
Battery Casings

Volume
(cu yd)

3,370
13,650

5,500
5,330

80,000

Mass
(tons)

4,344
17,593

5,560
12,000
75,786

•

••

Dump trucks will transfer the contaminated soils to a stockpile
adjacent to the soils treatment facility. Soils less than 3,000 ppm
removed for ease of access and slope stability will be stockpiled and
later used as backfill and tumulus construction. Battery casings will be
excavated by backhoe and motor scraper and stockpiled in a temporary
storage area until the tumulus is constructed. Since the tumulus will
almost cover the entire Gould site, it will be necessary to excavate all
the battery casings and stockpile them on an adjacent site until the
tumulus is constructed. A pad for temporary storage of battery casings
will be constructed on the selected adjacent site. The pad will be
constructed to meet environmental temporary storage standards in accor
dance with 40 CFR265.253/254, i.e., prevent run-on, contain and collect
leachate. The pad will be 420 ft. x 820 ft. long, constructed to have a
l-foot high berm around the periphery and covered with a 40 mil. flexible
membrane liner. The 1 iner in turn will be covered with six inches of
compacted fill to prevent liner damage by earthmoving equipment placing
and retrieving battery casings. The pad will be sloped to one point
where a lined pit will be located to collect leachate. A pump will be
installed in the pit to pump out leachate to East Doane Lake. A loader
will form the stockpile to a height of 12 ft. having side slope ratios

of two horizontal to or.e vertical. The stockpile in this configuration
will have 104,000 C\.;2 ~:: yards, which is the estimated volume of the
uncompacted battery cas~~gs .
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A tumulus will be constructed onsite using natural uncontaminated
material from the site and imported fill. The tumulus will be
constructed to meet RCRA landfill requirements having a double liner
with a leachate collection system and a mUltilayered cover. The tumulus
will cover 85 percent of the Gould site outside of East Doane Lake.
This will require that the Soils Treatment Facility operate first and
then be dismantled before the tumulus can be constructed. The treated
soils from the treatment facility will be used to backfill the battery
casing excavation in the tumulus area.

The tumulus will be formed excavating a relatively flat area of
204,000 square feet, to a depth of 2.5 feet below existing grade. The

sides of the excavation will be graded up to grade level at a slope
ratio of 3 horizontal - 1 vertical. The peripheral banks will be built
further at the same slope with excavated material to a total height of 5
feet from the base of the excavation. A trench for the base of the
leachate collection system 5.5 feet deep x 10 feet wide will be exca
vated down the length of the tumulus in the center.

The tumulus will then be lined with 3 foot thick clay/soil liner.
This will result in a configuration where the liner extends to the top
of the berm.having a depth of 2 feet: the bottom will slope at 2 percent
to the center leachate' collection: and the leachate collection trench
will be 2 feet wide by 2 1/2 feet deep. The clay tumulus dimensions
will be 350 feet x 615 feet long inside at the top of the berm. The
tumulus will then be lined with a double flexible membrane liner (FML)
system comprised of two 45 mil HOPE lin~rs with a geogrid between them.
The lower liner (FML) o;ill cover the entire tumulus area and follow the
contours of the clay into the leachate collection trench. The trench
will have a perforated pipe installed over its entire length and be
filled with medium gravel. The pipe will extend into a leachate collec

tion sump. The top liner (FML) and geogrid will cover the entire tumu
Ius area and follow the contours of the bottom liner but will extend
over the gravel. in the trench. This will facilitate leachate collec
tion, i.e., if a leak occurs in the top liner, it will pass into the
geogrid which will transmit it to the trench, which in turn transmits it
via the pipe to the leachate collection sump.

After filling, the compacted battery casings will be covered
entirely with a FML liner which will be seal welded to the top lower
liner. This will then be covered by 2 feet of clay (soil-bentonite)
over its entire surface. These two low-permeability liners are to pre
vent surface water entering the tumulus. This will be covered with a
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geotextile followed by a 2-foot layer of coarse gravel to deter burrow
ing animals from degrading the low permeability liners. The gravel
layer would be covered with a geotextile, then along with other site
areas, covered with 4 inches of top soil and hydro-seeded to provide a
vegetative cover.

To prevent runoff into East Doane Lake, the site will be graded

away from the shoreline. In addition to the earthmoving required on the
Gould site, the northeast section of the American Steel Industries
parking lot, which drains to the lake, will require modification. This
will involve removing approximately 2,600 square feet of asphalt,
installing a drain system discharging to the Gould site, and repaving
the area.

The excavation of sub-surface battery casings and subsequent treat

ment will result in an extension of East Doane Lake. To prevent ero
sion, the excavation will be graveled at the shoreline and coarse gravel
will be spread and graded for three feet above and below the water line.

To prevent excess airborne contaminant migration during surface and
subsurface excavation, and material handling, dust control will be prac
ticed as required.

The site wili be graded to have swales and slopes to provide soil
stability, drainage, and prevent run-on from adjacent areas. Topsoil
wi~l be imported to provide a 4-inch soil cap with a vegetative cover
over the tumulus and other areas to prevent erosion.

Soils Treatment Facility

A treatment facility will be constructed at the site to treat con

taminated sub-surface materials. The process is depicted on the flow
diagram on Figure 4.5-1, and consists of a comminution system to reduce
the materials to a relatively uniform size, and then pugmilling with an
additive to bind the metals in the soils matrix. It is assumed for pur

poses of this study that the material size required for successful
pUgmilling is 100 percent minus 1/4 inch.

The crushing facility is comprised of two stages of crushing (jaw
and cone), with a vibrating screen in close circuit with the cone
crusher. The system is interconnected with belt conveyers. The sub
surface materials that are stockpiled adjacent to the treatment facility
are fed in a hopper at the start of conveying system by loader. The
subsurface materials in the hopper are drawn down by a vibrating feeder
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at a rate of 10.5 tons per hour and discharged to a belt conveyer that
feeds the jaw crusher.

The jaw crusher reduces all materials to 100% minus 1. 5 inch and
discharges it to a conveyer, feeding the vibrating screen. At the
screen it is joined with the material from the cone crusher, and the
minus 1/4 inch material is screened out. The screen oversize is
directed to the cone crusher which reduces the material to 50 percent,
minus 1/4 inch. The cone crusher product is transported by conveyer to
join the jaw crusher material at the feed to the vibrating screen. The
screen undersize (minus 1/4 inch) is transported to the pugmilling
system feed hopper.

In the pugmilling section, the process commences at the feed hopper
which provides a' total surge capacity of one hour between the two
systems. Stockpiling, retrieval, material handling, and circulating
loads in the crushing circuit have now provided a uniform blend of feed
material to the pugmill. The contents of the hopper are drawn down by
vibrating feeder at a constant rate of 12 tons per hour. The feeder
discharges the material to the pugmill where it is joined with binder
additive and a predetermined amount of water. Dependent on the type of
additive, it is fed to the pugmill either as a slurry or as a dry
material by feeder .In the pugmill the additive is driven into the
soils by paddle and' a required amount of electromotive energy. The
additive comprise of a cementitious fixative (cement, pozzolan, lime,
clays)~ a reducing agent, and various proprietary chemicals. The actual
additive composition and its ratio will be determined by pilot testing
during the design phase. The pugmill discharges the stabilized soil to
a belt conveyer which transports it to a stockpile from where it can be
retrieved by loader for backfilling.

The equipment and areas required ~o be undercover, i.e., pugmill,
additive feed and mixing systems, additive storage,~ will be located in
a 900 sq. ft. prefabricated building. The building will also include a
sample preparation and storage room, electrical room, operations office,
change room, and toilets.

It is assumed that the plant will operate for approximately two
years. The plant will operate eight hours per day, five days per week,
and assuming an availability factor of 90%, the annual operating hours
will be 1,875 per year. Plant through-put rates will be as follows:

39,497 tons/1S7S hr. x 2 yrs = 10.5 tons/hr
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It is assumed that the facility will operate with eight personnel. They

will consist of the following:

Quantity

1
1
1
1
1
1
1
1

Title

Operation Manager
Sr. Process Engineer
Process Operator
Quality Control Technicial
Heavy Equipment Operator
Laborers
Safety Engineer (part time)
Clerk (part time)

Hrs/Yr

2080
2080
2080
2080
2080
2080

60
1000

.'

•e

Maintenance would be done on an as-needed contract basis, which is

assumed to be 1,000 hours per year. At the end of the two year operat
ing period, the plant will be dismantled and removed, foundations demo
lished and disposed of, the plant area graded to accommodate tumulus
construction.

Battery Casings Treatment

The battery casing will be retrieved from the temporary stockpile
by loader and motor scraper. They will be deposited in the' tumulu~ by

, .
dump truck and motor scraper in eight inch lifts. Each lift will be
compacted with a landfill compactor for a minimum of two passes to
achieve a 95% compaction level. The finished dimensions of the tumulus
will be 10 feet above the berm, 2 feet below with side slopes of 3.1
above and below. The nominal dimension inside at the top of the berm is
350 feet x 615 feet. This volume represents 84,210 cubic yards which is
the in-situ volume compacted to 95% compaction level. The tumulus is
then covered with a FML, clay, and vegetative cover as described in the
earthmoving section.

A pump will be installed in the leachate collection sump. In the
event of leachate appearing in the sump, the pump would be activated to
pump out the leachate to a tanker truck that would transport it to a
hazardous waste treatment plant.

Surface Water Treatment

The surface water pollution problem is caused by run-off con
taminated by contact with contaminated soils and then discharging into
East Doane Lake. The lake also is charged with contamination from
groundwater sources. The lake is in a depression and receives runoff
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from the surrounding properties. East Doane Lake has an overflow trench
which .allows discharge to the Willamette River during heavy runoff
periods. The overflow carries with it the contaminants from the lake.

To prevent the off-site discharge of these pollutants, the overflow
trench will be permanently sealed with a soil and clay barrier. The
site will be graded down away from the lake shoreline and the necessary
swales and trenches constructed to prevent run-off entering the lake.

Testing Program

The end product of soil stabilization treatment will be tested for

the appropriate physical and chemical characteristics. The design of
the testing procedures will come after the pilot testing and selection
of the particular stabilization technique. For the Gould site, the pro
duct will probably be a friable or soil-like material that will be sub
jected to physical tests typically used for soil compaction. Chemical
containment properties of stabilized waste are difficult to predict from
physical tests. The testing program would determine treated and

untreated soil properties for porosity, permeability, wet and dry den
sities, particle size distribution, bulk properties, and durability.
(See Guide to the Disposal of Chemically Stabilized and Solidified
Waste, EPA, 1982.)

Chemical leach testing of stabilized soil is required to predict
its chemical stability. A number of leach testing techniques are
available. The major variables in the different procedures include the
leaching solution characteristics, waste-to-leaching solution, time of
contact, surface area of waste and agitation technique. A conservative
testing procedure should be devised to test the chemical leaching poten

tial of the stabilization method used.

Monitoring

Tumulus: The leachate collection 'system of the disposal tumulus
will be checked daily for the presence of liquids.

Ground-Water Monitoring: Groundwater monitoring will be performed
twice per year. The four wells installed around the tumulus will be
monitored every six months to detect leakage from the tumulus. Other
wells on the site will 2e sampled in a flexible monitoring program. The
program will sample fOUe Nells, twice per year, at the same time as the
tumulus wells. The ""e~~s that w i Ll, be monitored are those located in
the study area used fOL :~e remedial investigation. There will be 17
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wells available in the study area after tumulus construction, some
having mUltiple completions providing 30 sampling points. They will be
RPW-IO RPW-20, RPW-30, RPW-40, RPW-50, W-20, W-30, W-302, W-40, W-6B,
W-6S, W-70, W-7S, W-80, W-90, W-IOO, W-I1B W-I10, W-I1I, W-120, W-12I,
W-12S, W-1SO, W-15I, W-15S, W-160, W-16I, and W-16S. The points sampled
in each period may not be the same ones each time, but the sampling
program will be designed to meet the objectives, i.e., changes in con
centration and plume migration. The samples will be analyzed for lead.
The monitoring program will last through the post-closure period of 30
years.

Surface Water Monitoring: East and West Doane Lakes will be moni
tored twice per year to determine changes in contaminant levels in the
lake. A sampling program will be performed on a routine scheduled basis
at the same time as air and groundwater. Sampling will be done by grab
sampling methods at two locations in each lake. The four locations will
be in approximately the sediment sampling location utilized in the RI,
i.e., 50-1, 50-2, 50-3, 50-4, 50-5, 50-6, 50-10, 50-11, 50-12, and
50-13. The samples would be analyzed for the lead content only.

Airborne Monitoring: Three high volume air monitors (HIVOL) are
located on site. These 'will be used to monitor particulate migration
during·the construction period~ The filters will be changed weekly and
analyzed. The filter media from these monitors will be analyzed for
lead.

Monitoring Report: A report will ~e prepared after each monitoring
event is complete. The, document will report the monitoring findings and
outline changes and trends from the previous reporting periods.

Institutional Controls

The institutional controls pertinent to the Gould site include

water wells restrictions, zoning and land use restrictions, site access
restrictions, deed restrictions, and sale restrictions. Each of these
has been discussed in Section 4.1; those discussions apply to this
alternative as well. As required under the Oregon Notice of Environ
mental Hazards Act and RCRA, notices would be placed on the deed and on
another instrument, as appropriate, regarding restriction of property
use •
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4.7 ALTERNATIVE 25: ON-SITE DISPOSAL

Monitoring: Monitoring Wellg~ Leachate Collection System
Surface Treatment: Capping~ Revegetation
Surface Water Treatment: Isolation of the East Doane Lake Remnant
Battery Casings Treatment/Disposal: Casings Removal for Treatment/

Disposal~ On-Site Vault Disposal

Soil, Sediment and Matte Treatment/Disposal: Soil, Sediment and

Matte Removal for Treatment/Disposal~ On-Site Vault Disposal
Institutional Controls: Site Access Restrictions~ Land Use

Restrictions; Deed Restrictions, Sale Restrictions

Description

Under this alternative, contaminated fill material would be

disposed of in a regUlated" onsite landfill or di3posal vault. The

landfilled material would include surface and subsurface soil and sedi

ment contaminated to greater than 3,000 ppm total lead, as well as the
battery casing fragments and matte. As discussed in Section 2.3.5, the

depth to ground water at the site precludes construction of a regulated

landfill or a disposal vault below grade. This alternative therefore

involves constructing an above-ground tumulus on the site for contain

ment of the fill.

Disposal of contaminated materials in a RCRA-approved tumulus would

render them unavailable for transport in groundwater; and the landfill
cap would eliminate airborne migration from the contained materials
entirely. Site regrading would reduce the recharge of the' East Doane
Lake remnant by surface runoff, allowing the existing outlet of the lake

to be plugged and eliminating the lake outlet as a path for contaminant

migration off site.

Institutional controls would be used under this alternative to

restrict public access to the landfilled contaminants. Periodic
sampling and analysis of groundwater using the groundwater monitoring
systems described under the No-Action Alternative, together with daily

inspection of the leachate collection sump for liquid, will be used to
confirm the integrity of the tumulus structure, and to verify that con
taminants are prevented from migrating off site •
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Excavation and Construction

The contaminated materials at the Gould site total slightly less
than 3 million cubic feet (approximately 110,000 cubic yards) (see Table
3.2-2). Referring to Figure 2.3-6, and assuming the flat-topped dispo
sal vault design on which this figure is based, this volume of material
would require a tumulus approximately 15 feet high, occupying the entire
site. Most of the site will thus form the base of the tumulus. Exist
ing structures (the office building, the lunchroom, concrete foundations
and pavement> will be demolished, in order to accommodate the tumulus.

Surface soils on site, contaminated soils and soils surmounting the
battery casing fill on the Rhone-Poulenc property would be removed by

bulldozers and motor scrapers and stockpiled on an adjacent site.
During the Remedial Investigation, the soils surmounting the battery
casing fill on the Rhone-Poulenc property could not be sampled. Before
excavation, these soils would be tested for contamination. If the con
taminant levels in these soils is less than 3000 ppm, they should be
segregated from contaminated soils in order to minimize the amount of
material that must be disposed of in the tumulus. Any other uncon

taminated soil which is excavated to ease access to the fill materials
,or to provide slope stability should also be separated from contaminated
materials. Uncontaminated soils excavated during remediation- may be
used for backfill or for berm construction.

The subsurface-contaminated soil and sediment and the battery
casing fill and matte will be removed using a dragline or backhoe, with
the cleanup performed by loaders or bulldozers. A bulldozer will be
used to break up large pieces of sediment and matte to less than 8 in.
diameter. Dump trucks will transport the excavated material to a stock
pile. Since a tumulus will occupy almost the entire Gould site, exca
vated materials must be stored on an adjacent site until tumulus
construction is complete. Temporary storage of excavated material must
comply with 40 CFR 265.253 and 265.254, and must prevent run-on and con
tain and collect leachate. Under this alternative, a temporary storage
pad 420 feet wide by 820 feet long and surrounded by a l-foot high berm
will be built. The pad will be covered with a 40-mil flexible membrane
liner, and the liner will be blanketed with 6 inches of compacted fill
to prevent liner damage. The pad will slope to a single lined pit,
where leachate will be collected for discharge to the East Doane Lake
remnant. A loader will pile the excavated fill on the pad to a height
of approwimately 12.5 feet, sloping it in a two to one horizontal to
-·~rtical ratio. A stockpile with these dimensions will hold a volume of
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141,000 cubic yards, which is the estimated volume of. the uncompacted
fill.

Once the contaminated materials and the surface soils have been
removed from the Gould property, the fill excavation will be backfilled.
Prior to backfilling, the fill excavation must be dewatered so that the
backfill may be suitably compacted. Water removed from any excavation
at the site will probably contain elevated amounts of site contaminants
due to mechanical agitation, and will therefore require treatment prior
to discharge. Because of groundwater infiltration, the quantity of
water will certainly be more than the volume of contaminated fill on the
Gould property, or more than 20 million gallons. This volume is greater
than can be reasonably discharged to the City of Portland sanitary sewer
system, and so it must be discharged to a storm sewer or directly to the
Willamette River. Discharge options will depend on treatment needs.

The base of the disposal vault will consist of a relatively flat
area of 230,000 square feet, 2.5 feet below the existing grade eleva
tion. The sides of the excavation will be sloped to grade at a ratio of
three to one, horizontal to vertical. From grade, peripheral banks or
berms will continue at this slope to a total height of 5 feet above the
tumulus base. In the center of the excavation, a trench 5.5 feet deep
by 10 feet wide will be constructed for the leachate collection system.
The tumulus base will be lined by a uniform covering of soil/bentonite 3
feet thick, fashioned to slope downward by 2 percent to the leachate
collection system trench. The lined leachate trench will be 2 feet side
by 2.5 feet deep, and the tumulus inside dimensions, along the top of
the berms, will be 350 feet wide by 833 feet long.

For leachate collection, a perforated pipe will be placed length

wise in the lined leachate trench, extending into a leachate collection
sump. A pump will be installed in the leachate collection sump. The
pipe will be covered with medium gravel, to the top of the trench. The
trench and the. vault clay covering will be topped with a double flexible
membrane liner system consisting of a geogrid sandwiched between two
45-mil HOPE liners. The double flexible membrane liner will cover the
entire vault base, following the contours of the clay.

The contaminated fill will be retrieved from the stockpile by
loader and motor scraper, and deposited into the vault by dump truck and
motor scraper in 8-inch lifts. Each lift will be compacted using a
landfill compactor, which will make a minimum of two passes to achieve a
compaction level of 95 percent.
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The completed tumulus will be covered with a flexible membrane
liner and a clay cap. The cover liner will be seal welded to the outer
edge of the base liner. The cover liner will be topped with two feet of
soil/bentonite, which will cover the entire tumulus including the berms.
The clay will be capped with a geotextile membrane, a 2-foot layer of
coarse gravel, another geotextile membrane, and 4 inches of topsoil with
a vegetative cover. The layer of gravel will prevent burrowing animals
from degrading the deeper liners. The vegetative cover, which will be
established over the entire site, will decrease erosion and improve the
appearance of the site.

To prevent the accumulation of runoff in the East Doane Lake rem
nant, the site will be graded away from the shoreline. Regrading would
be accomplished using a wheel tractor scraper and a grader. On the
American Steel property, construction of a drainage system tor directing
runoff onto the Gould property would require 2,600 square feet of the
asphalt parking lot be removed, then reinstalled. Runoff would be
directed into a storm drain on the Gould property, and piped into the
storm sewer system for discharge into the Willamette River. Without the
recharge provided by surface runoff, the East Doane Lake remnant would
no longer require an overflow to the Willamette River, and the existing
overflow channel could be blocked.

Three aIVOLs were installed on site during the Remedial ,Investiga
tion. During construction, these would be used to monitor particulate
migration. aIVOL filters would be changed and analyzed weekly.

To prevent the dispersal of fugitive dust from the site, dust
control will be practiced as required based on air monitoring results.

Operations and Facility Description

Specific RCRA sta~dards for hazardous waste liner systems include
(Cope et al., 1984):

The finished tumulus will extend 10 feet above and two feet below
the berm lip, with a side slope ratio of three to one both above and
below. The nominal areal dimensions along the inside berm lip will be
350 feet by 833 feet. These dimensions constitute a volume of 114,200
cubic yards, which in the estimated in-situ volume compacted to the 95
percent compaction level.

••
o Compatability o f liner materials with waste material. Liner

materials mus~ 3~SO be able to withstand all expected physical
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stresses, such as hydrostatic pressure, climatic variations,
construction activities or fill compaction.

Placement of the liner system on a stable foundation, to pre
vent liner failure due to settlement, compression, uplifting or
warping.

Installation that insures waste or leachate cannot contact
surrounding soil.

Inspection and monitoring during construction, and Lnspect.Lcn
for uniformity, damage and imperfections after construction
completion.

•

••

RCRA requirements for new hazardous waste landfills stipulate that
primary leachate collection and removal systems be placed immediately
above the primary liner. primary systems must maintain the leachate
depth below 1 foot, and should withstand clogging, chemical attack, and
any forces exerted either by the surmounting waste and final cover, or
by construction equipment. Additional performance criteria are listed
in the Handbook, Remedial Action at Waste Disposal Sites (Revised) (EPA,
1985) • The secondary leachate system, which is placed between the
liners to detect and remove ar- liquid which seeps into that space, is
designed to similar standards.

Placement of the contaminated materials in a disposal facility on
site would demand continued monitoring of the site to ascertain lasting
protection of the environment. Site ,lr.onitoring would involve daily
inspection of the leachate collection system, and semi-annual sampling
and analysis of ground water from wells downgradient of the site.

The leachate collection system would be checked daily for the pre

sence of leachate. Ground water monitoring would be performed four
times per year. Available ground-water monitoring wells are described
under the No-Action Alternative, in Section 4.1. The four wells
installed around the landfill vault will be monitored every six months
to check for leakage from the vault. Other wells on site would be
sampled in a flexible monitoring program. The program will sample four
wells, twice per year. The samples will be taken in conjunction with
monitoring of the vault wells.
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Institutional Controls

~ already discussed, the institutional controls appropriate to the
Gould site include controls on water wells, zoning and land use restric
tions, and site access restrictions. Maintenance of the present zoning
would limit residential and public land use. In general, the site could
not be developed or modified without assurance that appropriate actions
would be taken to control the on-site contaminants.

The Water Resources Department of the State of Oregon is respon
sible for ground water use. A permit is not required for a domest i.c
well producing less than 15,000 gal per day, or for an industrial well
producing less than 5,000 gallons per day. For larger volumes than
these, a water right application permit issued by the Water Resources
Board would be required.

The Planning and Zoning Bureau of the City of Portland is respon
sible for land use designations. The Gould site is presently zoned
heavy industrial. Continued industrial zoning will limit residential
and public land use. The Permit Center of. the City of Portland issues
demolition and building permits based on applicable building codes and
zoning ordinances, and after completion of an environmental checklist
and a search of department records for files relating to environmental
problems. The Permit Center employs representatives from various city
departments, inclUding planning and zoning, building, and environmental.

The site is fenced at present: this is adequate to prevent public
access. The East Doane Lake remnant will be posted to warn intruders
against drinking the water or swimming in the lake. As required under
the Oregon Notice of Environmental Hazards Act and RCRA, notices would
be placed on the deed and on another instrument, as appropriate,
regarding restriction of property use •
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(0.01 mg/l). The average lead concentration remaining in the equilib
rated solutions in these four samples were 0.052 mg/l in sample
W-7S-20', 0.004 mg/l in sample 5D-3, 0.27 mg/l in sample S-9 and 0.072

mg/l in sample S-13.

The results indicate that resulting solution lead concentrations

were relatively constant for a given sample, further indicating that

there was no effect of initial solution lead concentration on the

adsorption/desorption mechanisms. An example of this can be seen in
the results for the S-9 sample. The spike lead concentration ranged
from 0.0 to 2.0 mg/l but the equilibrated lead concentrations ln the 5
solutions show no direct relationship to these increasing concentrations

of lead in the initial spike solutions. In addition, the results for
samples W-7S-20', S-9 and S-13 indicate that the samples leached lead
into the 0.0 and 0.5 mg/l initial spike solutions (as indicated by a

negative amount adsorbed in Table 5.3-2).

The results suggest that the controlling factor that determines the

equilibrium solution lead concentration is the soil lead concentration
and not the initial solution concentration. The results also indicate

that the lead adsorption/desorption is probably due to surface adsorp
tion and/or ion exchange mechanisms. The apparent anom~lously low
equilibrium solution lead concentration in sample SD-3 is probably due'
to the higher pH of the sediment (9.7) which may have influenced the
adsorption/desorption mechanisms, possibily enhancing the pH controlled
precipitation mechanism, thus lowering lead solubility in the solution.

The blank solution (no soil) results indicate that, in general, the

concentrations of the' parameters in the blank solutions remained
constant throughout the test. The pH of the solutions dropped with
increasing spike lead concentrations. This is probably due to the low

pH of the spike solutions. There also appears to be an adsorptive loss
of spike lead to the walls of the equilibration containers. This loss,
approximately 0.5 mg/l, was constant throughout the range of spike solu
tion concentrations and had little or no influence on the test results.

Comparison of the blank results to the sample results indicates

that the sample soils leached most of the parameters other than lead
into solution. Sample S-9 is the only sample indicating leaching of
arsenic. All the samples leached the common element parameters (i.e.,
calcium, sodium etc.) into solution, as would be expected ••• The Rd parameter was not calculated
removed from the solutions quantitatively.
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TABLE 5.3-2

CALCULATION SOMMARY TABLE

Initial Corrected Equilibrium
Lead Lead Spike Solution Amount of Lead

Spike Concentrationl Lead Adsorbed on Soil
Concentration (Co) Concentration (S)

(mq/l> (mq/l) (mq/l) (mq/q)

W-65-26'2 0.0 00.01 00.01 0.00
0.5 0.04 00.01 0.20
1.0 0.43 00.01 2.15
1.5 0.92 00.01 4.60
2.0 1.40 00.01 7.00

W-75-20' 0.0 00.01 0.06 -0.30
0.5 0.04 0.05 -0.05
1.0 0.43 0.05 1.90
1.5 0.92 0.05 4.35
2.0 1.40 0.05 6.75

• 5-9 0.0 00.01 0.26 -1.30
0.5 0.04 0.28 -1.20
1.0 0.43 0.28 0.75
1.5 0.92 0.24 3.40
2.0 1.40 0.29 5.55

5-13 0.0 00.01 0.06 "-0.30
0.5 0.04 0.07 -0.15
1.0 0.43 0.06 1.85
1.5 0.92 0.08 4.20
2.0 1.40 0.09 6.55

50-3 0.0 00.01 00.01 0.00
0.5 0.04 0.02 0.10
1.0 0.43 00.01 2.15
1.5 0.92 00.01 4.60
2.0 1.40 00.01 7.00

(2) Representative of all samples with equilibrium solution lead con
centrations below detection limit .••

(1 ) Corrected for adsorptive loss of 0.5 mq/l in blank.

scoEPA00004538



•

•

•e

7.3.1), the plotted slope of the lead amount adsorbed from solution per

gram of sample (S) versus the equilibrium lead solution concentration

(C) would yield the Rd parameter. These values are presented below
(Table 7.3-2). Since the equilibrium lead solution concentrations (C)

are nearly constant for all samples, the slope of the line is vertical

and the Rd parameter approaches infinity for all the samples. This
result indicates that, under conditions simulated by this test, soils

and sediments at the site have a high potential for lead adsorption.

5.3.4 Conclusions

The following conclusions are based on the results of the batch

adsorption test:

1. Within the range of solution lead concentrations and

compositions studied, the controlling factor in equilibrium

solution lead concentration appears to be the total lead

concentration in the soil and not the initial solution lead

concentration.

2. The adsorptive capacity of the soils and sediments studied is

100 percent for lead when the total soil lead concentration is

. less than 800 mg/kg. Samples with hi~her total soil lead con

centrations also have adsorptive capacities. Therefore, t~e

results indicate that under the same conditons of this test,

site soils and sediments probably have adsorptive capacities

that lead to inhibited lead migration.

5.4 LEACH POTENTIAL TEST

5.4.1 Purpose and Scope

A third test performed during the RI was a leach potential test

for the purpose of evaluating the potential for lead to leach from

primary source material (battery casings and matte) and secondary

source material (contaminated soils and sediment) into the ground

water under varying conditions of pH. The effect of organics present in

the ground water on the potential for lead leaching was also evaluated.

The five sample types used in the leach potential test consisted of

battery casing, matte, surface soil, subsurface soil, and sediment

samples. One sample of each representative type of lead-containing

material (lead concentration >100 mg/kg) was used in the test. When

there was not enough of a particular sample, a composi te sample was
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used. The leach solutions consisted of pH-adjusted tap water that

encompassed the 2.8 - 12.5 pH range of the ground water measured at the

site. The hardness and sulfate concentrations of the tap water were

adjusted with magnesium and calcium sulfate salts to levels represen

tative of the site water. Ground water obtained from the site with

potentially high concentrations of organics was used as well. The leach

solutions were analyzed for pH, dissolved lead, and arsenic after an

equilibration period of 24 hours.

5.4.2 Procedure

The leach potential test was conducted following the procedures

described below:

1. The five sample types used in the leach test were analyzed for

pH, percent solids, total lead and total arsenic before the

test began.

2. Each sample type was divided into four portions, each weighing

80 grams. For each of the five material types, the four por

tions were placed into four clean, acid-washed bottles and

labeled 1 through 4. A duplicate set of bottles was prepared

for one of the sample types and an additional set of bottles

was prepared asa' blank (no soil added). A total number of

28 bottles were prepared.

3. Four leach solutions were prepared for the leach test. Three

of the solutions were prepared with tap water. Calcium and

magnesium sulfate salts were added to bring the hardness of the

tap water to a level representative of the site water (500

mg/l>. The pH of these three solutions was adjusted with

sulfuric acid and sodium hydroxide to desired levels of 2.8,

6.0 and 12.0, respectively. Representative site water with

high organics concentrations, collected immediately before the

leach test began, comprised the fourth leach solution.

4. The four botties for each of the five sample types, duplicate,

and blank samples were filled with the solutions described

above. The bettles were filled as follows:
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Bottle Number

1
2
3
4

Solution

2.8 pH
6.0 pH

12.5 pH
Organics

•

•e

5. The sample bottles were equilibrated for 24 hours at constant
temperature with an end-over-end tumbler. After that time, the
leach solutions were filtered through 0.45 micrometer (urn)
filters and split into two portions, A and B.

6. Filtrate portion A was analyzed for pH and dissolved arsenic.
Filtrate portion B was acidified to pH <2 with nitric acid and

analyzed for dissolved lead.

5.4.3 Results

The results of the leach potential test are presented in Table
5.4-1. The results indicate that leachable lead was detected from all
five of the sample material types under test conditions. The leachable
lead concentration varied depending on the sample material and on the
initial leach solution pH.

~h'e battery cas"ingO sample results indicate that the high pH leach
solution resulted in the largest concentration of leachable lead (660
mg/l) • The results also indicate that there was a small increase in
leachable lead concentration in the low pH solution (0.25 mg/l) compared
to the moderate pH solution (0.15 mg/l). The results for the high orga
nic leach solution (0.75 mg/l) indicate a small increase in leachable
lead concentration compared to the moderate pH solution, which has a
comparable solution pH. The high leachable lead concentration measured
in the high pH leach solution is probably the result of solubilized lead
hydroxides that precipitate at lower pH. Leachable arsenic was detected
above the detection limit (0.005 mg/l) in the high organic leach solu
tion (0.027 mg/l) and in the high pH solution (0.007 mg/l).

The sediment sample results indicate that the leachable lead con

centrations were approximately the same for each of the four leach solu
tions, with the high organic solution result (0.18 mg/l) indicating a
slight increase over the moderate pH leach solution (0.12 mg/l). The
arsenic analyses indicate that the high pH solution resulted in the
largest concentration of leachable arsenic (1.6 mg/l). The results also
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TABLE 5.4-1

LEACH POTENTIAL TEST RESULTS

Leach Leach
Initial Final Solution Solution

Leach Leach Lead Arsenic
Sample Solution Solution Concentration Concentration
Material pH/TOC pH (mq/l) (mq/ll

Blank 2.B/LOW 2.B UO.05 UO.005
6.0/LOW 6.1 UO.05 UO.005

12.5/LOW 12.3 0.08 UO.005
6.5/HIGH 6.5 0.11 UO.005

Battery Casing 2.B/LOW 6.8 0.25 UO.005
6.0/LOW 6.9 0.15 UO.005

12.5/LOW 12.2 660 0.007
6.5/HIGH 6.6 0.75 0.027

Sediment 2.8/LOW 6.8 0.13 0.087
6.0/LOW 6.9 0.12 0.059• 12.5/LOW 11.7- 0.13 1.6

6.5/HIGB 6.6 0.18 0.32

Matte 2.B/LOW 5.8 6.8 UO.005
6.0/LOW 5.8 9 0.005

12.5/LOW 6.3 0.23 UO.005
6.5/HIGH 5.8 502 0.008

Subsurface Soil 2.B/LOW 12.3 0.31 UO.005
6.0/LOW 12.4 0.36 UO.005

12.5/LOW 12.5 0.46 UO.005
6.5/HIGH 12.1 0.18 UO.005

Surface Soil 2.B/LOW 5.B 3.1 0.007
DUPLICATE 5.8 2.7 UO.005

6.0/LOW 5.9 0.44 UO.005
DUPLICATE 6.0 0.48 UO.005
12.5/LOW 11.9 7.9 0.72
DUPLICATE 11.8 6.3 0.72
6.S/HIGH 6.2 0.7 0.007• DUPLICATE 6.3 0.61 UO.005

e
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indicate that there was a slight increase in leachable arsenic in the
low pH solution (0.087 mg/l) compared to the moderate pH solution (0.059
mg/l) • The results for the high organic leach solution (0.32 mg/ll
indicate a moderate increase in leachable arsenic concentration compared
to the moderate pH solution.

The matte sample results indicate that the leachable lead con
centrations in the low pH (6.8 mg/l), moderate pH (9.0 mg/l) and high
organic (5.2 mg/l) leach soluti~ns were relatively the same. The high
pH leach solution result (0.23 mg/l) is significantly lower, possibly
due to adsorption of lead onto iron oxides generated by the high initial
pH of the solution (the matte material has very high concentrations of

iron). Leachable arsenic results were relatively the same for all four
leach solutions, ranging from less than the detection limit (0.005 mg/l)
to 0.008 mg/l in the high organic leach solution.

The subsurface soil results indicate that leachable lead con
centrations were relatively the same for the low, moderate and high pH
solutions (0.31, 0.36, and 0.46, respectively). The high organic leach
solution result was slightly lower (0.18 mg/l). There was no detectable
arsenic in any of the four leach solutions. The equilibrated pH in all
four solutions was greater than 12.0. This is probably due to the very
high pH of the soils used for .the test.

The surface soil sample test was conducted in duplicate. The
results for the sample and the duplicate sample indicate good agreement,
with an average percent difference of less than :!:. 20 per.cent. The
results indicate that the high pH solution resulted in the largest
leachable lead concentration (7.9 mg/l). The results for the low pH
leach solution (3.1 mg/l) indicate a significant increase in leachable
lead compared to the moderate pH solution (0.48 mg/l). The high organic
solution result (0.70 mg/l) indicates a slight increase over the moderate
pH solution. Arsenic concentrations were at or below the detection
limit (0.005 mg/l) in the low and moderate pH and high organic leach
solutions. The leachable ar sen i c concentration in the high pH leach
solution was 0.72 mg/l.

5.4.4 Conclusions

The following conclusions are based on the results of the leach
potential test:

1. Solutions with high initial pH (greater than 11) increase the
leachable lead and arsenic concentrations, except where
possible scavaging/adsorption by iron oxides may occur.
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2. The leachability of lead is apparently enhanced at low pH
compared to moderate pH. If the conditions simulated during
the test are representative of the site conditions, then lower
pH water would have a greater potential for mobilizing lead at
the site.

3. Although high organic leach solutions indicated slightly

higher leachable lead concentrations in some samples, there is
no apparent significant leachable lead enhancement attribu
table to the organic concentrations used in this test.
Therefore, if the high organic solution composition is repre
sentative of site water, then organics would probably have no
significant effect on lead mobilization at the site.

5.5 SOIL SOLIDIFICATION STUDY

Weston Services Inc. of West Chester, Pennsylvania was retained by
NL Industries, Inc. and Gould Inc. to assess the potential application
of soil solidification for stabilization of lead-contaminated secondary
source materials (soils and sediments) from the Gould site. To conduct
the test, representative samples of surface soils and East Doane Lake
sediments were shipped to Weston and tested with a number of different
solidification agents. The report of the Weston engineering study, con
tained in Appendix B, is summarized below.

5.5.1 Technical Approach

Representative soil samples from the Gould site and sediment
samples from East Doane Lake were sent to Weston for an assessment of
stabilization as an appropriate remedial action. Initial examination of
the materials included determination of density, liquid content, TCLP
for lead,and physical consistency. Bench-scale stabilization tests were
then performed to assess the potential for admixing reagents to create a
solidified and stabilized mass. Reagents chosen for testing include the
following:

Portland cement
Cement kiln dust
Flyash
Lime kiln dust
Commercial grade lime
Cement kiln dust/sodium carbonate .

Reagents were added incrementally by weight at particular liquid
contents to achieve homogeneous mixtures. During the curing period,
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each admixture's index properties (liquid content, density and physical
cons i s t.ancy ) were carefully observed. In addition, bearing capacity
tests were conducted to examine the mixture's curing characteristics as
a function of time. Methods and materials used to complete the bench
scale tests are outline in the Weston report.

Following curing, the potential leachability of the stabilized

admixtures was evaluated through performance of EPA's TCLP leaching pro
cedures for analysis of lead. Successful application of the stabliza
tion technique was determined to be an admixture TCLP test result below
5.0 mg/l.

In addition to the TCLP analyses, Weston examined the effects of
two other leaching procedures in measuring lead contaminant levels. The
first was the EP Toxicity testing procedure, which is intended to simu

late essentially a "worst-case" in-situ condition of pH = 5. The second
was an ASTM leaching test procedure successfully used by Weston on simi
lar projects. The procedure utilizes a neutral pH leaching with
distilled water rather than acid to simulate environmental conditions.
This procedure is performed at the pH of the sample, unlike the TCLP and
EP Toxici ty procedures. For purposes of reportL1g the resul ts of the

test, however, Weston relied on the TCLP procedure.

5.5.2 Results and Discussion

Table 5.5-1 summarizes the laboratory test data for the TCLP analy
ses of various admixtures. The results show that admixtures of Portland
cement, cement kiln dust, and lime kiln dust with the soil and sediment
at specific increments improved the consistency, structural stability

and reduced the leachability of the contaminated materials.

Depending on the actual moisture content encoutered during full

scale implementation, a cement kiln dust or lime kiln dust reagent addi
tion, when mixed with the lead-contaminated material, may provide a
cost-effective alternative. The cost of Portland cement, on the other
hand, would likely be prohibitive and probably offers no significant
advantages over the other reagents.

While stabilization ~ay be a feasible alternative to apply to soils
and sediments at the Gould site, a field-scale pilot demonstration would
be necessary to con f i rn the results of these stabilization tests. In
particular, the vari3~L~1':Y of soil moistures, density and composition
at the Gould site is ;:-~at. The best reagent to apply, the proper per
centages of materials L:'. the admixture, and indeed the feasibility of
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'fABLE 5.5-1

TLCP LEACH resr RESULTS

MIX 1.0. SAMPLE REAGENI' LEAD LEAOIATE TEsr
00. MATRIX DE OCRIPI'lON LEVEL mg,IL RESULT

Initial Soil N/A 710 Fail

Initial Sediment N/A 24 Fail

18 SoU 20\ Portland Cement NO* Pass

2 Soil 20\ Gement Kiln Dust (CKD) 3.5 Pass

3 Soil 20\ Fly Ash 503 Fail

4 SoU 20\ Lime Kiln Dust (LKD) 1.0 Pass

68 Soil 20\ em, 0.22 Sodium carbonate 36.6 Fail

8 Sediment 5O\t cement Kiln Dust NO Pass

10 Sediment 50\ Lime Kiln Dust 1.0 Pass

12 Soil 10\ CKD, 1.4\ Sodium carbonate 503 Fail

13 Soil 1m Gement Kiln Dust 336 Fail

14 Soil 30\ cement Kiln Dust 1.37 Pass

15 Soil 1m csn, 3.7 \ Sodiwn carbonate 69.4 Fail

*ND: Sample was analyzed, but not detected.
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the technology, cannot be finally determined without comprehensive
testing of materials at representative site conditions.

5.6 MA INDUSTRIES, INC.

In July, 1987 a test was conducted on equipment manufactured by MA

Industries, Inc. of Peachtree City, Georgia. The equipment chosen for

the test is currently in operation at Ace Battery Company of
Indianapolis, Indiana. Ace Battery uses the equipment to break and
crush whole batteries, then to separate the battery materials into com
ponent parts of metallic lead, plastic, hard rubber (ebonite), dnd lead
oxide.

The purpose of the test was to determine the effectiveness of the
equipment in a proposed site application as part of Alternative 10. The
application would consist of building a plant on the Gould site to
separate the mixed primary source materials into components of metallic
lead, plastic, ebonite, and lead oxide/dirt/mud. The primary process
equipment would consist of the separation equipment sold by MA
Industries.

5.6.1 Technical Approach

To conduct the test, approximately twenty tons of mixed .materials
were collected from different areas of the site and transported to
Indianapolis for processing. The methods used to excavate, transport,
and sample the materials are outlined in the engineering study work plan
in Appendix B, along with information on the MA Industries process
equipment. The results of the study consist of a series of sequential
laboratory analyses also contained in Appendix B (see Laucks lab reports

numbers 4793, 5499, and 5954). A summary of the results is presented in
Section 5.6.2.

Five material streams emerge from the MA Industries separation

equipment. The. five streams are (1) metallic lead; (2) hard rubber
(ebonite); (3) plastic; (4) lead oxide/mud; (5) lead oxide/mud. Note
that two of the streams contain lead oxide/mud mixtures; this is a func
tion of the arrangement of the classifiers in the process arrangement,
which can vary depending on the size of the equipment.

The goal of the analytical testing of materials emergent from the
equipment was to de t e rrn.i ne the lead content of the various separated
streams, which is a critically important consideration for recycle of
the materials. The lead content is especially important for the plastic
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and the ebonite, which must be low in lead for successfUl recycle. In
order to determine the nature of the lead remaining in the plastic and
ebonite after separation, a series of sequential laboratory analyses was
performed. The series consisted of total lead and TCLP lead analyses on

the plastic and ebonite as received from the separation equipment, then
after two different kinds of washes: (1) a wash with deionized water;
(2) a wash with hydrochloric acid followed by a "quench" wash with

deionized water.

5.6.2 Results and Discussion

The total lead and total solids content of the metallic lead,
plastic, ebonite, P.'~d lead oxide/mud streams is summarized in Table

5.6-1. Also shown L~ the TCLP result for plastic and ebonite before any

washes. Two samples were run for each; the first sample represented

material primarily from the Gould property, while the second sample

represented material primarily from the Rhone-Poulenc property. In the

table, the lab results for the two lead oxide/mud streams are averaged

for presentation. For additional detail, refer to Appendix B.

TABLE 5.6-1

SOURCE MATERIALS AFTER SEPARATION

Material

Gould Property Sample:

Metallic Lead
Plastic
Ebonite
Lead Oxide

Total
Lead

(% dry wt.)

93.7
0.28
0.74

15.8

TCLP
Lead

(mg/l)

76
200

Total
Solids

(%)

100.0
98.1
93.9
70.4

Rhone-Poulenc Property Sample:

••

Metallic Lead
Plastic
Ebonite
Lead Oxide

50.1
0.39
1.4

28.8

5-21
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100.0
90.0
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The analytical results on the separated streams show that plastic

and ebonite both fail the TCLP lead test, and the degree of failure is
not particularly dependent upon the location of the material: plastic
and ebonite from the Gould property fail nearly as badly as plastic and
ebonite from the Rhone-Poulenc property.

Also of interest is the percentage of lead in the metallic lead
stream, which is one measure of efficiency of separation. In the
metallic lead stream received from the separated material on the Gould
property, about 94 percent of the stream was lead: the remainder was
non-lead metal and other debris. But in the metallic :ead stream
received from the separated material on the Rhone-Poulenc property, only
about 50 percent of the material was lead. Since the percentage of
metallic lead is much lower on the Rhone-Poulenc property (less than 0.1
percent) than on the Gould property (about 1-1. 5 percent), the effi
ciency of separation clearly is shown to decrease as the percentage of
lead in the source material decreases.

AS discussed in the technical approach, plastic and ebonite were
subjected to two washes after separation. The effect of the washes is
summarized in Table 5.6-2.

• TABLE 5.6-2

RESULTS OF PLASTIC AND EBONITE TREATMENTS

Total TCtP Total
Lead Lead Solids

Material Treatment (mg/kg) (mg/l> (% )

Plastic
(1)

No was?2) 3350 108 94.0
Plastic DI Wash 3350 112 89.8
Plastic Acid Wash/

DI Wash 2260 72 94.2

Ebonite·(1) No Wash 10700 205 93.5
Ebonite DI Wash 5050 205 86.4
Ebonite Acid Wash/

16050(3)DI Wash 195 92.0

•-
(1) Total lead, TCLP lead, and Total solids are averages of sample

results from Gould property and Rhone-Poulenc property.
(2) DI Wash = Deionized water wash.
(3) Average of 2 values: 3100 mg/kg and 29,000 mg/kg.
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The results in Table 5.6-2 show that a deionized water wash has no
observable effect on the total lead content of either the plastic or the
ebonite. This result indicates that the lead is not surficial on either

the plastic or the ebonite~ rather it would appear to be interstitial
and/or bound into the solid matrix of the material. The results

following a short wash with hydrochloric acid show that the lead was not
significantly removed from the ebonite, and only a minor fraction was

removed from the plastic. The results indicated that much more vigorous

treatment of both separated materials is required before recycle can be

seriously considered.

In a normal operating mode, the MA Industries equipment processes

whole battery casings, not the mixture of materials represented by the

Gould site source rnater ial s • certain problems were observed with the

equipment that would need to be compensated for in design of a

field-scale unit. Two problems are noteworthy here:

1. A key consideration is that materials must be able to be
crushed in the hammermill if they are to be successfully pro
cessed. For the Gould site, the practical consideration is

that extensive and continuous labor would be required to hand
pick all rock, rock-like matte pieces, and other debris (wood,

concrete chunks, .auto body metal, etc.) from the feed stream to
the separation equipment.

2. A second consideration is that extremely heavy foaming, which
greatly complicated the separation process, was noted during
the processing of materials that contained significant frac

tions of dirt. Since this is the condition for nearly all of
the primary source material, the problem would need to be rec

tified in the design phase.

As a final note, another user of the MA Industries equipment has
reported high water us aqe of the system, which would complicate the

already-high expected iTIaintenance requirements.

5.7 POLY-cYCLE INDUSTRIES, INC.

Following the completion of the MA Industries test, a second

separation test was ?erforrned on equipment manufactured by Poly-Cycle

Industries, Inc. of ; acksonville, Texas. The equipment used for the
test is currently in ~~~~ation at Poly-Cycle's Jacksonville plant. The
purpose of the tes-:. ...as much the same as the test performed in
Indianapolis. In adc~:~Qn to examining the performance of Poly-Cycle's
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separation equipment, however, Poly-Cycle expressed interest in deter
mining the marketability of the separated components. Poly-Cycle has
had some success in finding applications for recycled ebonite, primarily
as an additive to drilling muds used in the oil exploration industry.

5.7.1 Technical Approach

To conduct the test, approximately twenty tons of mixed materials
were again collected from different areas of the site and transported to
Jacksonville, Texas for processing. The methods used to excavate,
transport, process, and sample the materials are outlined in the engi
neering study work plan in Appendix B. The results of the study consist
again of a series of laboratory analyses also contained in Appendix B. A
summary of the results is presented below.

Poly-eycle's equipment has the same purpose as MA Industries', but
the operation is somewhat different. Whereas five material streams
emerge from the MA Industries separation equipment, only three emerge
from Poly-Cycle's equipment: (1) plastic: (2) lead oxide/mud: (3)
metallic lead/ebonite combined. After the combined metallic lead/ebo
nite stream emerges from the separation equipment, Poly-cYcle air-dries
the metallic lead/ebonite, then passes it through an additional piece of
equipment (caLLed a "Green Machine") far separation of metallic lead
from ebcnace , After such separation, the ebonite is ground to a par
ticle size suitable for subsequent use, primarily in the oil exploration
industry.

As with the MA Industries equi.pmen e , the goal of the analytical
testing of materials emergent from Poly-Cycle's equipment was to deter
mine the lead content of the various separated streams. Because of the
time frame of testing relative to submittal of this Feasibility Study,
the only testing accomplished to date has been analysis of the lead
oxide/mud for total lead, analysis of the plastic for total lead and
TCLP lead, analysis of the separated metallic lead and ebonite streams
for dry weight percent lead, and analysis of the ebonite ground to
various particle sizes for total lead and TCLP lead.

5.7.2 Results and Discussion

•e
The results of the analyses are shown in Table 5.7-1. Additional

details are presented in Appendix B. The results show that the plastic
and ebonite again fail the TCLP test. The results on plastic are
somewhat more promising than those from the Ace Battery test; TCLP lead
in the plastic is 13 mg/l with no additional washing. However, the
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results for ebonite are even worse than those from Ace Battery. A key
piece of information is the result for metallic lead in the separated,
unground ebonite: the analytical laboratory reported 0.4%, or 4000
mg/kg, metallic lead in the ebonite prior to grinding. This result
would indicate that the degree of separation of metallic lead from ebo
nite was wholly inadequate, because no matter what the subsequent treat
ment of the ebonite, the lowest total lead result, without another
physical separation step, would be 4,000 mg/kg.

TABLE 5.7-1

TEST RESULTS FROM POLY-CYCLE INDUSTRIES EQUIPMENT

•

Material

Plastic
Lead Oxide
Metallic Lead
Ebonite (unground)
Ebonite (coarse)
Ebonite (medium)
Ebonite (fine)

Total
Lead

310 mg/kg
52.0%
99.5%

0.4%
1,100 mg/kg

40,000 mg/kg
5,900 mg/kg

TCLP
Lead

(mg/l)

13

200
99

170

Total
Solids

(% )

94.1
80.1

96.2
97.8
96.9

••

Indeed, following the completion of the Poly-Cycle test, represen
tatives of Poly-Cycle determined that the high lead content in the ebo
nite could be due, in part, to improper settings and/or operation of the
"Green Machine" used' for separation of metallic lead from ebonite. To
determine the possible impact of this variable on the overall process, a
second test of the Poly-Cycle equipment is planned. The excavation and
transportation of material from the Gould site to Jacksonville, -~xas is
scheduled, at this writing, to take place on November 12-13, 1987.
processing of the material is scheduled to take durir.g the week of
November 16-20, 1987. Samples from the test will be submitted for
laboratory analysis.

AS a result, no firm conclusion can be drawn about the feasibility
of the Poly-Cycle process at this point. The marketing arrangements of
Poly-Cycle seem promising, but NL Industries and Gould Inc., from cor
porate viewpoints, will not accept the liability that attends recycle of
materials with such high lead content .
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5.8 UNITED SCRAP LEAD

During the conduct of the FS, contacts were made with other
industry sources to determine the state of efforts made to address site
conditions that are similar to those at the Gould site. The effort made
at the United Scrap Lead site is noteworthy.

United Scrap Lead is a Superfund site near the City of Troy, Ohio.
From 1946 to 1980 the operators of the facility processed discarded bat
teries to reclaim the lead components for resale. Throughout the opera
tional history, United Scrap Lead used the various waste components from
the normal operations as fill material on the site. Those wastes
included rubber and plastic battery casings, metallic lead, and spent
acid. In September 1984, the site was placed on the NPL under CERCLA.

During conduct of the RI, it was determined that approximately
55,000 cubic yards of waste battery casings and associated materials are
present at the site. There is extensive soil contamination as well.
The primary health threat is direct contact with the lead-contamianted
materials.

A treatability study was conducted (see Appendix B) to determine
the amenability of the primary source materials to reduction in lead
content for subsequent recycle. of direct relevance to the Gould site
is the method used during the treatability study to reduce the lead con
tent of the rubber cas ings. The investigators used samples of mixed
casings containing approximately 70 percent rubber, 15. percent lead
oXide/mud, 3 percent metallic lead, and 12 percent moisture. The
samples were then tumbled in a ball mill with various wash solutions to
determine the ability of the solutions to reduce the lead content of the
rubber casing material. The results of the washes, reported in Table 5
of the treatability study in AppendixB, are reproduced in Table 5.8-1.
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TABLE 5.8-1

RESULTS OF UNITED SCRAP LEAD BALL MILL WASHING

Wash Solution

Ammonium acetate (4%) +
acetic acid (3.5%)

Tetra-Na EDTA (5%) or
Di-Na EDTA (5%)

Tap Water

Post-Wash
Rubber Casing

Lead content, ppm

2,520

1,563

2,500

Remarks

Readily filtrable

Extremely difficult
to filter

Readily filtrable

•
Following the ball mill washing, the rubber casings were subjected

to a sonic cleaning and soaking. The results of this treatment,
reported in Table 6 of the treatability study in Appendix B, are repro
duced in Table 5.8-2 •

TABLE 5.8-2

RESULTS OF SONIC CLEANING AND SOAKING OF BATTERY CASINGS

••

Method

1-15 min. sonic
cleaning

3-30 min. sonic
cleaning

6 day soak

3 day soak in
5% EDTA +
15 min. sonic
cleaning

Lead Remaining
(mg!kg)

540

370

76

30
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The investigators conclude that the various wash, soak, and clean
steps. show promise for treatment of the casing material. The investiga
tors also conclude that much more work needs to be done to determine the
relevance of bench-scal~ lab results to a field-scale process unit. In
particular, the long retention times noted in the wash steps would pose
two very significant problems: 1) size, location, and operation of
tankage needed to achieve these retention times; and 2) handling of the
leachate water after the leach/wash step is complete.

Perhaps the most important conclusion to draw from this study, as
well as all of the studies performed at the Gould site, is that although
there appears to be promise for any of several treatment applications,
the state of the technology is developmental and much work needs to be
done to transfer the technology to a feasible approach to remediation of
sites and recycle of contaminated primary source materials.

5.9 GRANITE CITY

A CERCLA site at Granite City, Illinois has inorganic metals con
tamination problems, with lead-contaminated source materials, including
ebonite, remaining on-site. Data available from the site show the
results of lead in ebonite following an engineering .test to separate
source materials. A~ the Granite City site, separ 'ion equipment manu
factured by Cal West was used for t~e study.

·A somewhat sketchy report on the separation tests shows that
following component sepa s:'ation, three analyses were performed to deter
mine the total lead content of the ebonite at the site (see Appendix B).
The three data points Eor the ebonite reportedly show a total lead con
tent ranging from 105,000 mg/kg to 286,000 mg/kg. The average of the
data is 193,000 mg/kg total lead in the ebonite.

Without more information about the parameters of the test, it is
difficult to draw strong conclusions. However, the data represents
results achieved on a ':hird type of manufactured equipment for source
material separation, ~nd the reported results are certainly not
encouraging.

••
5.10 SUMMARY

perhaps the s t r onc e s t; conclusion to draw
reported in this sec':~Jn is that the state of
applications at the :;':;'l:.d site and similar
Particular problems :::-?~.onstrate the fact that
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4.8 TREATMENT OF WATER

[Reserved]

4-42

scoEPA00004556



•

•

••

5.0 ENGINEERING STUDIES

During the conduct of the FS, several engineering studies were per
formed to determine the technical feasibility of treating and recycling
source materials at the Gould site. Other studies were performed prior
to the beginning of the FS. A summary of the results of studies per
formed follows. Reports and laboratory analyses for studies performed
during the RI/FS are contained in Appendix B.

5.1 ALCHEM WESTERN

AIChem Western, Inc. began setting up equipment on the Gould site
in late 1983 for the purpose of washing, separating, and reclaiming
plastic fra;~ents and lead oxide. Battery casing fragments were dredged
from the East Doane Lake remnant on the northeast portion of the Gould

site and stockpiled along the shoreline. After a brief period of acti
vity, Alchem Western suspended operations because of mechanical problems
(Moore 1986). Although most of the Alcehm Western equipment has been
removed, some still remains on the Gould site. The surface debris piles
dredged from the lake remnant still remain near the lake remnant. Some
of the debris piles have been processed: others have not. No written
report for, or data about, the. test have been found •

5.2 BATTERY CASING COATING TEST

5.2.1 Purpose

During the RI, a test was performed for the purpose of assing the
potential for three different coating formulations to minimize the
leaching of lead from the casing material. The test material consisted
of a composite of 12 battery casing samples collected as part of the
battery casing sampling program (Section 3.2.3). Three coating
materials were evaluated: (1) a proprietary lead control compound (K-20
Lead-In-Soil Control Mixture): (2) a non-proprietary chemical coating
compound (sodium silicate): and, (3) an epoxy paint. Aliquots of the
composite battery casing sample were coated with one of the coating
materials and each coated sample was extracted and analyzed for lead
according to EP Toxicity test procedures.

5.2.2 Procedure

The composite battery casing sample was prepared by combining
representative SO-gram portions of 12 individual battery casing samples .
The twelve representative portions were taken from samples that had
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already been prepared for analysis by EP Toxicity procedures (i.e., par

ticle size reduced to pass the appropriate screen size) during the bat

tery casing sampling program. The composited sample was divided into
four equal samples and the individual samples were screened again with a

No. 14 sieve mesh screen to remove particles that would be lost during

the coating procedure. Forty grams of each sample retained on the

screen were used in the coating test. The four screened samples were

labeled A, B, C, and D. The D sample was held for future analysis~ the

A, B, and C samples were treated as follows:

A. The proprietary -ating solution K-20 ICS/LS was delivered to
the analytical laboratory in two parts, part A and B. The solu

tions were mixed at a 10:1 ratio by mixing 250 milliters (mls)

of part A with 25 ml of part B. The 40-gram battery casing
sample labeled A was added to the mixed coating solution,

stirred for one minute and then strained. The coated material
was spread out on mixing paper and dried for 26 hours. The

dried, coated material was extracted and analyzed as described
below.

B. The sodium silicate solution was obtained by the analytical

laboratory and was identified as Banco (TM), Anderson Labora

tories, Inc. No. 68330, 4 liters sodium silicate 41° Be solu
tion (water glass-technical). The 40-gram battery casing

sample labeled B was added to a beaker containing 200 ml of the
sodium silicate solution and stirred for one minute. The

coated material was spread out on mixing paper and dried for 26
hours. The dried, coated material was extracted and analyzed
as described below.

C. The epoxy spray paint was delivered to the analytical labora

tory and was identified as Zynolyte epoxy spray paint, clear

0537 (net wt. 13 oz.). The 40-gram battery casing sample
labeled C was placed in a plastic bag filled with air and epoxy
spray mist. The bag was sealed and shaken to lightly coat all

surfaces of the material. The casing material was then spread

onto mixing paper and sprayed with additional paint. A total

of approximately 4 oz. of spray paint mixture was used. The
coated material was dried for 26 hours and the dried, coated
material was extracted and analyzed as described below.

The three coated battery casing samples were extracted by EP
Toxicity procedure EPA method 1310, without the grinding and/or screen
ing steps. The 40-gram samples were extracted with 640 mls of deionized
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water. The pH was adjusted with the required volume of acetic acid
during the extraction to adjust the pH of the samples to 5 + 0.2. The
extracts were analyzed for lead by EPA method 6010 (ICP).

5.2.3 Results

The results of the battery casing coating test are presented in

Table 5.2-1. The laboratory data report has been submitted previously
(Dames & Moore, 1987).

TABLE 5.2-1

BATTERY CASING COATING TEST RESULTS

The results of the battery casing coating test indicate that none
of the three coating formulations tested reduced the leachable lead con
centration below the accepted standard concentration established to
identify a waste as hazardous or non-hazardous. (Maximum contamination
level [MCL] for lead in the EP Toxicity test is 5 mg/l.) The epoxy
spray had the best overall red~ction in leachable lead with an extract
lead concentration of 30 mg/l. However, this concentration is still six
times higher than the MCL.

•

Sample Designation

A

B

C

Extract Lead Concentration (mg/l)

290

520

30

••

5.2.4 Conclusions

The following conclusions are based on the results of the battery
casing coating test:

1. The coating formulations tested were not effective in reducing
the leachable lead concentration below acceptable levels; and

2. The epoxy resin coating resulted in the largest reduction in
leachable lead concentration. Larger quantities and/or addi
tional coatings of epoKy paint may further reduce the leachable
lead concentration. However, the logistical difficulties of
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application to large volumes of battery casing materials, the

large quantities of coating spray necessary, and the potential

toxic or hazardous nature of the coated material makes this an
impractical treatment alternative.

BATCH ADSORPTION TEST

5.3.1 Purpose and Scope

•

Also during the RI a batch adsorption test was performed to

evaluate the soil/water interactions between representative site soil
samples and dissolved lead in ground water and soil particles. These

soil/water interactions include adsorption and desorption interactions

between dissolved lead in ground water and soil particles. Adsorption
results in removal of dissolved lead from the ground water by the soil
material, thereby reducing the ground-water lead concentration and mobi

lity. Desorptio: results in a release of lead associated with the soil

material into the ground water, thereby increasing the ground-water lead

concentration. Emphasis was placed on the effect of these interactions

with respect tc the dissolved lead retardation potential by the soils

(adsorption). The procedure has been extensively used by soil scien

tists and geochemists concerned with determining retardatiqn parameters

suitable for modeling contaminant transport (Relyea, et al. 1980~ Pavlik
and Runnells 1984).

The patch adsorption test consisted of equilibrating representative

samples of different site soil types site with representative site water
containing different concentrations of dissolved lead. Twelve soil
samples including six surface soil, four subsurface soil and two sedi

ment samples, were collected for this test during their respective
sampling programs. The collection procedures are described in Appendix

A. Representative site ground water was collected immediately before
the test was initiated. The s i ce water was spiked with four different
dissolved lead concentrations ranging from 0.0 to 2.0 mg/l. The samples

were equilibrated for 24 hours, the filtered and analyzed for dissolved

lead and other water quality parameters.

The results of t~e batch adsorption test are used to determine the

Rd parameter, a measure of the partitioning of lead between soil and
water. The Rd parame~er for lead is defined and calulated as follows:

••
Rd = (mass 0: ?8

mass or ?:::

The Rd parameter ~ s

for the data collected

period)

determined by plotting an adsorption isotherm
t~e batch test. This defines the partitioning
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relationship for Pb between the solid.phase and the ground-water solu
tion. For each sample type, the following calculation is made:

s = (Co - Cl VIM

where

S = amount of lead adsorbed on soil
Co • initial concentration of Pb in solution
C • final concentration of Pb in solution after the

equilibration period
V = total volume of fluid
M = total mass of soil

A plot of S versus C determines the partitioning function for each
sample type. The slope of this partitioning function is the lead Rd for
each sample type.

The value of the Rd parameter rests in its ability to describe the
partitioning of a dissolved contaminant between the soil and the ground
water in contact with the soil. Generally, the partitioning relation
ship observed in the adsorption isotherm is linear in the range of con
centrations observed under field conditions. Therefore, the Rd can be
directly used in the advection-dispersion equation in the development of

models for predicting the rate,of contaminant movement in ground ~ater.

In predictive models, Rd is used to calculate a retardation factor
defined in the retardation equation as follows:

R = 1 + (p Rd/nl

where
p = bulk density of porous medium
n = porosity of porous medium

Rd = retardation coefficient or distribution coefficient
R = retardation factor

The retardation factor is used to calculate the velocity of the
dissolved contaminant movement relative to the velocity of ground water.

5.3.2 Procedure

The batch adsorption test was conducted following the procedures
described below:

1. Twelve representative soil samples were screened so that only
materials passing a 2-millimeter (mm) screen were used. Each
of the 12 samples were split into five subsamples weighing
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3.

80 grams each. The five subsamples were placed into clean,
a~id-washed bottles and labeled 1 through 5.

Five solutions were made with representative ground water. One
solution was not spiked and therefore had a dissolved lead con
centration representative of the collected site water. The
remaining four solutions were spiked so that resulting
dissolved lead concentrations were 0.5, 1.0, 1.5 and 2.0 mg/l.

"The representative site water (no spike) was place in bottle 1
and the four spike solutions were placed in bottles 2 through
5. The volume of solution placed in each bottle was 400 ml.

One set of five bottles containing the same 400-ml solutions
used in step (2) but with no soil were also prepared. These
bottles were prepared as the blank or control samples to moni
tor the changes in concentrations not due to soil/water
interactions.

•

••

4. The 60 bottles containing soil and water and the five bottles
with only water were equilibrated for 24 hours at constant
temperature •

5. After the 24-hourequilibration period, the bottles were
centrifuged and the decanted solution from each bottle was
filtered through a 0.45 micron filter. The filtrate was split
in~o two portions, A and B.

6. Filtrate portion A was analyzed for pH, specific conductance,
alkalinity, sUlfate, and chloride.

7. Filtrate portion B was acidified with nitric acid to pH <2 and
the acidified sample was analyzed for the dissolved consti
tuents lead, arsenic, sodium, potassium, calcium, magnesium,
iron, and zinc.

5.3.3 Results

The results of the batch adsorption test are presented below (Table
5.3-1). The four samples, one subsurface sample (W-7S-20'), one sedi
ment sample (5D-3) and two surface soil samples (5-9 and 5-13), all had
total lead concentrations in the soil greater than 800 mg/kg. The
results indicate that four of the samples had dissolved lead concentra
tions remaining in the equilibrated solutions above the detection limit
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TABLE 5.3-1

B.l1.TCH ADSORPTION TEST RESULTS
Soil Pb
I'll S,ik.

Cone",- Cone",- Alkalinl ty

SAII'lE tMlhon tfohon pH Pb As Zn F. No K Co Ilq n 504 (os CoC03> EC
IUlBER (lII"q> (11I / 1) (1II/ 11 (1II/11 (1II / J) (1lI/ 1) (11I/ 1) (1II/ 11 (Iq/ll (11I11) (1II/ 11 (1lI/ 1> (11I/11 (ulhos/cil------------------------------------------------
IUMt 0.0 6.1 110.01 110.005 0.006 0.01 1.6 0.2 4 0.2 UI 2 6 26

e.s 5.9 0.04 110.005 0.110 0.01 2.4 0.3 UO.OI 0.1 UI I 6 16
1.0 4.2 0.43 110.005 0.140 UO.OI 2.3 0.4 110.01 0.1 UI I Ul rl
1.5 3.8 0.92 ue.ees 0.160 0.09 2.4 0.4 110.01 0.1 UI UI Ul n
2.0 3.5 1.40 UO.005 0.170 UO.OI ' . 0.4 UO.Ol 00.01 Ul UI UI 110...

iWtfOq. 4.7 0.56 0.117 0.02 2.2 0.3 0.8 0.1 0 0.8 2.4 5~.2

It-6S-26' 16 0.0 7.0 UO.OI UO.005 0.084 0.03 39 8.4 88 47 20 10 490 1000
0.5 7.2 110.01 Uo.o05 0.072 UO.OI 39 8.4 88 45 18 10 480 990
1.0 7.1 00.01 00.005 0.069 UO.OI 40 8.4 96 47 18 10 440 980
I.S 7.2 00.01 UO.005 O.on UO.OI 39 8.4 93 46 18 10 450 990
2.0 7.0 Uo.ol UO.005 0.069 UO.OI 40 8.4 94 46 19 9 450 990

iWtroqt 7.1 0.00 0.074 0.01 39 8.4 92 46 18.6 10 462 990

It-7NO' 820 0.0 6.2 0.06 00.005 0.580 0.05 63 7.2 69 28 16 180 250 860
0.5 6.2 0.05 UO.ooS O.~O 0.17 64 7.2 68 28 17 180 240 870
1.0 6.2 0.05 UO.005 0.550 0.06 64 7.2 68 27 16 180 230 880
1.5. 6.2 O.OS UO.OOS 0.560 0.08 66 7.2 58 28 16 170 230 B80
2.0 6.3 O-OS UO.ooS 0.550 0015 67 7.2 62 28 16 180 230 870

iWtMlq• 6.2 0.05 0 0.5:58 0.10 65 7.2 65 28 16.2 178 236 8n

• 8-6-21' . 74 0.0 6.9 110.01 OO.OOS 0.086 0.24 62 9.6 90 51 16 120 480 1200
0.5 7.0 UO.OI UO.oos 0.083 0013 68 9.4 n 4' 16 110 480 1200
1.0 7.0 UO.OI UO.005 0.075 0.26 68 9.6 91 50 17 120 470 1200
I.S i.l 110.01 UO.005 0.071 0.21 70 9.6 90 50 16 120 470 1200
2.0 7.1 00.01 UO.005 O.O~ 0.29 70 9.6 89 48 16 m 450 1200

lIWroqt 7.0 0.00 0.079 0.23 68 9.6 90 50 16.2 118 470 1200

8+32' 41 0.0 6.7 00.01 UO.005 0.140 0.23 69 8.0 54 31 o· S.) 340 940.~

0.5 6.7 UO.Ol UO.005 0.140 0.03 69 8.0 54 30 57 60 320 920
1.0 6.6 UO.OI UO.005 0.140 0.06 69 9.0 55 30 " 52 320 940a.
1.5 6.7 00.01 UO.005 0.140 o.~ 69 8.0 55 31 48 48 320 940
2.0 6.7 UO.Ol UO.005 00140 0.12 iO 9.0 56 31 48 49 320 940

lIY.roq. 6.7 0.00 0.140 0.14 69 8.0 ro 31 $3.0 53 j:!4 936".

5-1 500 0.0 6.5 UO.Ol UO.005 0.200 ,56 29 7.S 54 23 12 10 310 660
0.5 6.4 UO.OI UO.005 0.190 J.15 28 7.6 53 22 11 9 310 630
1.0 6.5 UO.OI 00.005 0.200 0011 29 7.6 53 22 9 7 290 630
I.S 6.5 UO.OI UO.005 0.180 0.21 :9 7.6 56 23 12 10 :90 6.'l0
2.0 6.5 UO.OI UO.005 0.200 0018 29 7.6 56 23 11 10 m .~O

iWtraq. 6.S 0.00 0.194 O.~4 29 7.6 54 23 11 298 638

••
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TABLE 5.3-1

BA'reB !\DSORPTION TEST RESUL'rs
Soil Pb
Pb S9lkt

CanCtn- Conun- malinity
SoWLE traUCllI traUon pH Pb As In F, Na K Ca Ilq CI SI).4 (as CaC031 EC
IUlBER (1CJ",1 (ICJ/I) (ICJ/! ) (1CJ/1l (ICJ/!) (1CJ/1l (ICJ/! ) (ICJ/! ) (1CJ1l) (ICJ/l) (1CJ/1l (1CJ/1l {1CJ/1l (ul/los/cil

---------------------------- ---------
5-9 20000 0.0 6.3 0.26 0.017 0.610 0.07 30 15 190 30 18 400 150 1300

0.5 6.4 0.28 0.013 0.070 0.29 29 15 180 30 18 430 140 1300
1.0 6.3 O.ZlI 0.012 0.030 0012 30 15 190 30 19 390 140 1300
1.5 6.4 0.24 0.012 0.590 0.l2 30 15 190 30 19 m 140 1400
2.0 6.3 0.29 0.0\1 0.7:0 OolS 30 IS 200 29 18 400 140 1300

/Nt"" 6.3 0.27 0.013 0.644 0015 30 15 190 30 18.4 .os H2 l320

5-13 1400 0.0 6.7 0.06 UO.OO5 O.HO 0012 ZlI 9.B 69 26 \I 31 330 710
O.~ 6.6 0.07 Uo.o05 0.150 0014 28 9.B n 27 \I 27 330 110
1.0 6.7 0.06 UO.005 0.160 0011 28 9.8 71 ZlI 11 25 330 710
1.5 6.6 0.08 UO.005 00130 0.09 27 10 71 28 10 24 330 no
2.0 6.7 0.09 00.005 0.140 0.11 28 10 73 28 \I 28 330 730

IWtrtq, 6.7 0.07 0.H4 0.11 28 9.9 71 27 10.3 27 330 710

5-37 16 0.0 7.4 Uo.ol 00.005 0.088 0.02 31 3.2 82 60 12 9 510 920
0.5 7.4 UO.OI UO.005 0.078 0.08 31 J,O 76 56 11 9 500 920
1.0 7.4 Uo.ol 00.005 0.089 O.OC 31 J.O 76 54 II 9 SOO 910

• 1.5 7.4 UO.OI UO.005 0.081 O.IS 30 3.0 81 54 \I 9 .eo 920
2.0 7.4 UO.OI 00.005 0.08': 0.05 29 J.~ n 54 II 9 .eo ~

IWtrtq, 7.4 0.00 0 e.ees 0.08 30 3.1 78 so 11.2 9 494 919

5-45 20 0.0 7.5 UO.OI UO.005 0.089 0.02 29 3.8 n 60 16 9 510 980
0.5 7.0 00.01 UO.005 0.100 0.02 30 J.8 78 64 12 9 510 970
1.0 1.5 UO.OI 00.005 0.081 0.07 29 3.0 77 64 12 8 500 990
1.5 7.5 UO.OI UO.005 0.070 0.01 29 3.6 76 60 12 10 500 990
~.O 7.5 00.01 00.005 0.074 0.01 30 ;.0 74 64 12 9 500 990

~.raq, 7,~ 0.00 0.083 0.03 29 3.7 76 65 12.8 S04 984

5-57 45 0.0 6.~ UO.OI UO.005 0.130 0.09 28 5.6 46 19 12 9 ~O 540
0,5 6.4 UO.OI UO.005 0.140 0.1\ 28 5.6 46 18 I: 9 250 ~40

1.0 6.4 00.01 UO.005 0.130 0.11 28 .. 45 19 12 9 ~O ~~u"..
1.5 6.4 UO.OI 00.005 0.140 0.15 28 S.S 44 19 14 10 ~O ~50

~.o 6.4 00.01 UO.005 O.HO 0.16 ZlI 5.6 46 18 I~ 9 240 ~~O

IWtra,• 6.4. O.vO 0.136 0012 28 S.C 45 19 12.4 9 248 546

•-
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TABLE 5.3-1

BATCH ADSORPTION TEST RESULTS

Soil PII
PII S9ik,

C4nun- C4nctn- Mlalinih
SNlPlE t.l'Ghon t.rahon pH P!I As Zn Ft Na K Ca "q Cl S04 (al CaCOJI EC
IUlSER (1fI/lql Iifill I (1fI/1I (ifill) (1fI/1I (Ifl/ll (ifill) (14/1) (ifill) {1fI/1I (1fI/1I 11fI11I {1fI/1I (u.n~/c.1

Slr7 26 0.0 7.0 00.01 110.005 0.110 0.04 41 6.8 n 38 13 39 410 840
e.s 7.0 00.01 110.005 0.100 0.03 40 6.8 73 40 13 39 410 840
1.0 7.0 110.01 UO.005 0.110 0.00 41 6.8 71 39 12 40 410 850
1.5 6.9 UO.Ol 00.005 00100 0004 41 6.8 7J 39 13 43 400 1160
Z,O 6.9 00.01 00.005 0.110 0.03 41 6.8 74 40 13 40 400 860

-!'Qq' 7.0 0.00 0.100 0.04 41 6.8 7J 39 12.8 40 406 850

Slr3 160 0.0 7.4 00.01 UO.OO5 0.084 0.10 36 7.4 120 :!II 14 34 490 1000
O.~ 7.5 0.02 UO.OOS 0.200 UOoOI 37 7.4 110 :!7 16 J6 SOO 1100
1.0 7.3 00.01 UO.005 0.085 00.01 36 7.4 110 27 15 37 490 1000
1.5 7.3 UO.OI UO.005 0.140 0.07 J6 7.4 110 ~7 16 J5 490 1000
2.0 7.3 00.01 110.005 0.087 0.02 J6 7.4 110 :!II 15 J6 480 1100

Ml'Gqt 7.4 0.00 0.119 0.04 J6 7.4 112 27 15.2 J6 490 1040

-•
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is generally designed to handle whole batteries, rather than the mix of

mater.ials that remain at the Gould site. Technology for field-scale

removal of lead from ebonite is only at the research stage at this

point.

Much work remains to be completed to allow transfer of the separa

tion technology studied during the FS to a feasible approach for reme

diation of sites and recycle of contaminated source materials. The

equipment and methods to accomplish the task are simply not available

today.

5-29

scoEPA00004566



•

•

6.0 DETAILED EVALUATION OF THE FINAL REMEDIAL ALTERNATIVES

This section presents a detailed evaluation of each of the final
remedial action alternatives which were retained through the screening
process described in Section 3.0. Section 4.0 provided a detailed
description of each of these alternatives, emphasizing key features such
as the goal of the alternative: the associated remedial technologies,

including available information on performance and reliability: concep
tual design features of major facilities, operating equipment and
construction machinery: engineering, safety, institutional, environmen

tal and public health considerations that may influence the effective
ness of the alternative: and operation, maintenance and monitoring
requirements. The detailed evaluation that follows discusses the cost
effectiveness of each of the final remedial alternatives in terms of
their technical, institutional, public health and environmental
attributes.

Guidance for conducting a detailed evaluation for alternatives
under the NCP has been revised as part of SARA. Revised guidance was
received in a July 31, 1987 letter from EPA Region 10. According to NCP
and revised guidance, the detailed evaluation of the final remedial
action alternatives must include an analysis of effectiveness, im~lemen

tability, and cost factors for each of the alternatives. Such analrsis .
must include: \

••

o

o

o

o

o

o

Assessment of the effectiveness in preventing, mitigating or
minimizing hazards to and furnishing adequate protection of the
public health and welfare and th~ environment:

Evaluating of any adverse environmental effects, means of miti

gating these effects, and the costs associated with utilizing
these means:

Examination of the reliability of each alternative:

The ability of each alternative" to conform with ARARs:

Assessment of the amount of reduction of contaminant toxicity,
mobility or volume:

Assessment of the alternative'S implementability, including
technical fea5~jtlity, administrative feasibility, and availa
bility: and
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o Detailed estimation of costs, including operation and main

tenance costs, the distribution of costs over. time, and the
sensitivity of costs to changes in interest rates.

•

••

6.1 DESCRIPTION OF EVALUATION CRITERIA

The criteria used for the detailed evaluation of the final remedial
action alternatives are summarized in Table 6.1-1. The technical eva

luation addresses the implementability, reliability and constructability
of the alternatives and their associated technologies, as well as their
performance and safety. The institutional evaluation assesses the
compliance of the alternatives with current EPA policy, with applicable

and relevant standards, with guidance and advisories for Superfund reme

dial action sites. It also discusses the policies of other involved
agencies, as well as the concerns of the community. The endangerment
assessment evaluation of pUblic health and environmental effects

appraises the ability of the alternatives to limit the presence of
hazardous materials in the environment and their effectiveness in
avoiding the unacceptable threats to public health established by the
Risk ·Assessment. Overall environmental effects are estimated by com
paring the beneficial results with the adverse consequences of the

alternatives. The cost evaluation includes capital.costs and operating
and maintenance costs for a 30-year operating period. For comparison,
the costs of the alternatives are presented at their present worth
values.

In order to assess the relative merits of the final remedial alter
natives in terms of the above criteria, a relative score of low,
moderate, or high was 'assigned to each alternative for each criterion.
A low rating indicates that treatments under the alternative are not
consistent with the intent of the criteria, and that the alternative

does not meet or exceed the remedial objectives. A moderate rating
indicates that treatments under the alternative are only partially con
sistent with the criteria, but that the alternative does meet an appre
ciable number of the remedial objectives. A high rating indicates that
treatments under the alternative are consistent with the intent of the
criteria, and that the alternative meets or exceeds the remedial objec
tives •
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TABLE 6.1-1

. CRITERIA FOR THE DETAILED EVALUATION OF THE ALTERNATIVES

Effectiveness
Endangerment Assessment
Reliability
Conformance to ARARs
Reduction in Toxicity, Mobility, or Volume

Implementability
Technical Feasibility

Constructability
Performance
Safety
Time Required

Administrative Feasibility
Permitting Requirements
Community Concerns
Institutional Requirements

Availability
Cost

Capital Cost
Operation and Maintenance Cost
Present Worth
Sensitivity Analysis

In subsections 6.1.1 through 6.1. 3, the evaluation criteria are
described to clarify how these relative ratings will be applied. In
Sections 6.2 through 6.8 each of the alternatives is evaluated with
respect to the factors. In Section 6.9, the ratings for each of the
categories are combined in summary tables to provide an overall rating
for each of the alternatives.

6.1.1 Effectiveness

Effectiveness refers to the degree of prevention or mitigation of
substantial danger to the public health and welfare or to the environ

ment which is provided by the alternative. Alternatives which comple
tely immobilize, destroy or recycle hazardous waste rate the highest on
the scale of performance. Useful life refers to the length of time that
the alternative retains its effectiveness.
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6.1.1.1 Endangerment Assessment

6.1.1.1.1 Introduction

The endangerment assessment provided in Appendix A was performed to
evaluate the potential for human health and environmental effects based
on exposure to site contaminants. The primary contaminant identified
was lead, for which inhalation and ingestion can result in systemic,
noncarcinogenic health effects. A screening level review of arsenic and
cadmium was performed, resulting in the decision not to include these
contaminants in the detailed risk assessment based on relatively low
levels of arsenic contamination and relatively low exposure and health

risks associated witn cadmium.

Present in primary source materials, soils, and the sediments in
East Doane Lake, lead can be released to the environment through dust
generation by wind and vehicles; surface runoff into surface water, and
soil leaching into groundwater. Soils, air, and surface water were
found to contain elevated levels of lead. The potential human exposure
pathways for these release mechanisms at the Gould site are inhalation
of dust, incidental ingestion of soils, and incidental ingestion of sur
face water by children who might swim in East Doane Lake. Ground water
was considered to be an incomplete pathway because dissolved contami
nants have not passed the site boundaries and the area is served by the
Portland city water system.

6.1.1.1.2 Methods

Exposure scenarios were developed to estimate the potential human
exposure under the No-Action Alternative, including on-site workers and
onsite and offsite residents for inhalation and incidental soils
ingestion. Exposure estimates for ingestion examined cases for best and

upper bound estimates of contaminants· as well as base and high dose
cases of ingested soils. For the surface water pathway, calculations
were made of the exposure for children swimming in East: Doane lake,
assuming incidental ingestion of water.

The analysis began by deriving concentration levels for lead in air
and soils. The ISC model (see Appendix A) was used to derive air con
taminant levels for lead onsite and offsite (at the fenceline). Best
and upper bound estimates for soil levels also were calculated based on
sample results from the Remedial Investigation. The upper bound soil
estimate consisted of the maximum concentration of lead oxide in waste
piles, while the best estimate was a subarea-weighted average for the
study area.
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Calculations of residual incremental exposures after completion of
remedial activities were based on designating some areas as exclusionary
and replacing soil concentrations to reflect the expected effects of
remedial actions. The highest value and subarea-weighted average were
again used.

calculations of exposures during remedial activities assumed that

onsite workers would be protected through a health and safety program

along with the use of personal protective equipment where warranted. An

offsite worker (at the fencelinel scenario was developed to examine the

inhalation exposure from fugitive dust. An emissions inventory was
developed to determine dust and lead sources from equipment and activi
ties.

Average daily exposures were calculated for the scenarios and com

pared with acceptable chronic intake levels as specified in the
Superfund Public Health Evaluation Manual for noncarcinogenic health
effects. The analysis also compared the lead level in East Doane Lake
and the Willamette River with the standards for drinking water and
Oregon Water Quality Standards to examine potential effects on the
environment.

6.1.1.2 Reliability

Reliability is the capacity for performing at a designated level
without extensive operating or maintenance support. The assessment of
operating and maintenance needs must consider the availability of labor
and materials, and the frequency and complexity of routine maintenance~

and must appraise the probability of component failure. Technolog~es

which require frequent maintenance rate lower on the scale of reliabi
lity. Reliability may in part be estimated from demonstrated perfor
mance at similar sites.

6.1.1.3 Conformance to ARARs

Each of the alternatives is evaluated for its ability to meet ARARs

which are established for the site. In addition to contaminant-specific

ARARs, other ARARs that are location-specific or action-specific are
evaluated where appropriate.

SARA authorizes EPA to select an alternative that does not meet
ARARs for on-site actions if anyone of six specified waivers can be
applied to the proposed onsite action.
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6.1.1.4 Reduction in Toxicity, Mobility, or Volume

The degree to which each alternative employs treatment that reduces
toxicity, mobility, or volume of contaminants is addressed. Factors
considered include treatment processes used, degree of permanence in
treatment, and a consideration of process residuals including t~= per
sistence, toxicity, mobility, and propensity to bioaccumu1ate of the
residuals.

6.1.2 Imp1ementability

Implementabilit- is the relative ease of installation or construc
tion of the alternative. The relative implementability of an alter
native also reflects the amount of time needed to achieve a given level
of response.

6.1.2.1 Technical Feasibility

The technical feasibility of the final candidate alternatives is
evaluated based on the relative ease of installation (constructability),
performance, safety, and time.

6.1.2.1.1 Constructability

Constructability of an alternative is affected by the nature of the
technologies employed, by site conditions, and by conditions external to
the site. For a specific technology, the availability of necessary
construction materials or of specially trained personnel will affect the
constructability of an alternative. Site conditions which may affect
constructability include the location of utilities, the depth to the
water table, the properties of subsurface materials, and site location.
External conditions which may affect constructability include the need
for special permits or agreements or the availability of off-site dispo
sal.

6.1.2.1.2 Perfor.nance

Performance is the ability to meet standards or requirements.
Performance of a remedial action alternative is measured by its effec
tiveness and by its useful life.
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6.1~2.1.3 Safety

Safety of neighboring communities, of those employed in imple
menting remediation, and of the environment is evaluated in terms of
both short-term and long-term hazards. Short-term safety hazards are
those that arise during the implementation of the alternative. Short
term hazards to be considered include fire, explosion and exposure to
hazardous substances. Long-term hazards are those that persist
throughout the life cycle of the alternative.

6.1.2.1.4 Time Required

Two time factors arise in the consideration of technical feasibili
ty: 1) the time required to implement the proposed remediation, and 2)
the time required to fully attain the objectives of the prop~sed reme
diation.

6.1.2.2 Administrative Feasibility

Permitting requirements, community concerns and institutional

requirements each affect the administrative feasibility. of an alter
native, which is an estimate of the degree of prodedural difficulty a
remedial alternative will face in being implemented •

6.1.2.2.1 Permitting Requirements

SARA allows remediation efforts to bypass the federal, state, and
local permitting process for the portion of remedial actio?s conducted
entirely on site, in order to prevent delays in implementation of clean
up actions. Compliance with the intent of permits is nonetheless an
objective of site remedial actions. For those alternatives that include
handling and disposal of hazardous wastes, RCRA requirements must be
met. For example, if the waste is transported off-site, it must meet
the transportation requirements of RCRA. If waste is found to be hazar
dous, and the intent is to dispose of it in an onsite landfill, the
landfill will have to be RCRA-permittable. This would include meeting
RCRA design criteria and 30 year post closure monitoring requirements.

Additionally, where heavy construction is being done and process
facilities are constructed, building permits would be required from the
City of Portland Permit Center •

Specific permitting requirements for the final candidates alter
natives are described in the subsequent evaluation of alternatives.
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6.1.2.2.2 Community Concerns

A· full assessment of community attitudes toward the alternatives
cannot be made until the fomal public comment per.iod on the proposed
plan and RI/FS has been completed. In the FS, evaluation of community
concerns is dependent upon the historic level of public involvement with
the site, a gauge of media interest in the site, and a knowledge of
general public attitudes in the area of the site.

6.1.2.2.3 Institutional Requirements

The evaluation for the factor of institutional requirements also
includes a discussion of the effectiveness of various institutional
controls that may be initiated or requested by either the owner or regu
latory agencies.

6.1.2.3 Availability

The factor of availability refers to the developmental status of
equipment and specialists required to operate it. Also considered is
the capacity and location of needed treatment, storage, and disposal
services.

6.1.3 Cost Analysis

The cost analysis consists of the three steps as specified in the
EPA Guidance on Feasibility Studies under CERCLA (EPA 1985a): estimation'
of costs, present worth analysis, and sensitivity analysis. The devel
opment of conceptual level cost estimatt=s is based on the conceptual
engineering performed ,for each remedial alternative as presented in
Section 4.0. The cost estimates presented in this section are expressed
in 1987 dollars and include capital costs and annual operation and main

tenance costs. The cost estimates are accurate to within -30 percent
and +50 percent of the final project cost as per the Guidance Document.

6.1.3.1 Capital Costs

All important facilities/equipment and construction features iden
tified in the conceptual design were quantified and used in estimating
the capital costs. The total capital costs were developed into two
major categories: direct costs and indirect costs. The major direct
capital costs include such items as site preparation, construction, well
drilling, equipment, buildings, and service costs. Materials, equip
ment, and installation costs for each remedial alternative were derived
from literature sources, vendor quotes, and previous studies. An ite-
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mized breakdown of the capital cost estimates for the remedial alter
natives is presented in Appendix C by major cost components •

The indirect capital costs include engineering, design, administra
tion and inspection expenses, contingency allowances, preparation of
permit-equivalent information, and in some cases, shakedown. The
assumptions used for indirect capital cost estimates are as follows:

Contingency allowances: For this level of effort, contingen
cies are usually up to 30 percent of Total Direct Construction
Cost, depending on how well the technologies involved are
established and the uncertainties involved in implementation.

Considering the development stage of the technologies and the
uncertainties involved in their implementation, a nominal 30
percent was used for Alternatives 1, 2A, 2B and 8, which have
reasonably well-defined requirements. A nominal 50 percent was
used for Alternatives 10; 40 percent was used for Alternatives
21 and 25. These three alternatives have greater uncertainties
relating to equipment availability and amount of material to be
handled.

•

o

o Engineering and design expenses:
Construction Cost •

12 percent of Total Direct

o Administration and inspection expenses:
Direct Construction Cost.

5 percent of Total

o

o

Permit-Related Costs: 2 percent of Total Direct ~onstruction

Cost, where land use and buildings are used.

Shakedown Costs: 2 percent of Total Direct Construction Cost,
added if a process facility was involved.

••

6.1.3.2 Annual Operation and Maintenance Costs

The annual operations costs for each unit operation were developed
based on manpower requirements, estimated power demand, material and
chemical quantities, and sampling and analysis requirements. Unit cost
rates provided by vendors were used to estimate some of these operation
costs. The annual maintenance costs were developed based on equipment
replacement schedUles, servicing requirements, and general maintenance
activities •

An itemized breakdown of the annual operation and maintenance cost
estimates for the remedial alternatives is presented in Appendix C.
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Present worth analysis is used to evaluate the capital and opera
tion and maintenance costs that occur over different time periods of the
remedial alternatives by discounting all future costs to a common mone
tary basis, the present worth. This allows the costs of the various
alternatives to be compared on the basis of a single total cost figure
representing the amount of money, that, if invested in the base year and
expended as needed, would be sufficient to cover all costs associated
with the remedialaction over its planned life. The present worth of an
alternative is computed according to the following formula:

•
6.1.3.3 Present Worth

•

••

PW ~ (PWF) (0 + Ml + TCC
Where:

PW = present worth
PWF ~ present worth factor for an interest rate of 10 percent

and a period of 30 years (9.427)
o = annual operation cost
M = annual maintenance cost
TCC = total capital cost

The PWF is a function of the interest rate and the time period.
Interest rates of 5, 10, 12 and 15 percent and a time period of 15 years
were used to develop the present worth according to the EPA Guidance
Document (EPA 1985a). It should be noted that no inflation. factor has
been considered in the operation and maintenance cost. Table 6.9-4 pre
sents a summary of the present worth of each of the remedial al ter
natives including its capital cost and the present worth of its
operation and maintenance cost.

6.1.3.4 Sensitivity Analysis

A sensitivity analysis may be conducted to assess the effect that
assumptions associated with the design, implementation, operation,
interest rate, and effective life can have on the estimated costs of the
al ternatives. These assumptions depend on the accuracy of the data
developed during the remedial investigation and on prediction of the
future behavior of the remedial technology and are subject to varying
degrees of uncertainty. The sensitivity of the costs to these uncer
tainties can be evaluated by varying these assumptions and noting the
effect on estimated costs.

It can be noted that the cost differences of many of the final
alternatives is not large due to the similar or common components. To
adjust one of the parameters would produce similar changes in the cost
of all the similar alternatives. As a result, a sensitivity analysis
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Sensitivity analyses of the present worth of the operation and
maintenance costs to interest rates of 5 percent, 10 percent, 12 per-
cent, .and 15 percent were conducted and is also summarized in Table
6.9-1. As shown, the present worth of each alternative increases as the
interest rate decreases since the higher the interest rate, the Les s
money is needed initially to finance the annual operation and main
tenance costs over the 30 years. The use of lower interest rates may
also be interpreted as an inclusion of inflation rates. For example, a
5 percent interest rate may be interpreted as a 10 percent time value of
money with a 5 percent inflation rate. The present worth of remedial
alternatives with high annual operation and maintenance cost~ compared
to capital cost are more sensitive to interest rates than those with low
operation and maintenance costs relative to capital costs. This fact
indicates that if inflation is considered significant, alternatives with
high operation and maintenance costs become less attractive economi
cally.

6.2 ALTERNATIVE 1 EVALUATION

The No-Action Alternative would apply no remediation to the site.

It consists of monitoring groundwater, air, and surface water to observe
the migration of site contaminants.

6.2.1 Effectiveness

Endangerment Assessment

Results of analysis for the ::>-Action Alternative indicate that
inhalation and ingestion of lead under the high dose cases are unaccep
tably high. Such high doses result from calculations based on the lead

oxide--almost pure lead--in the site's waste piles.

Risks based on hazard indices for ingestion under high dose cases
for both the onsite worker and onsite residential scenarios are unaccep
tably high because of the high contaminant values used in the calcula
tions. For the" onsite worker scenario, risks for both inhalation and
base case ingestion are far below the AIC. By contrast, the highest
risks (young children) and adult risks under the onsite and offsite
residential scenarios all exceed the AIC, with a maximum AlC of 11.2 for
inhalation and 34.6 ~or ingestion. The various scenarios of the
No-Action Alternative ~~di~ate that this alternative is unacceptable as
a remedial option.
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Dilution calculations were performed to estimate the distance down
stream of the East Doane Lake outfall to the willamette at which the
concentration of lead in the discharge plume would exceed 0.05 mg/l,
which is the Oregon Water Quality Standard. Using the maximum observed
dissolved lead concentration of 0.28 mg/l in East Doane Lake, that
distance is 40 feet for a discharge of 0.05 cfs and 160 feet for a
discharge of 0.5 cfs. In the former case, the maximum plume width would
be 5 feet; in the latter case, 10 feet. Of primary economic and
recreation concern are potential effects on anadromous (migratory)
salmonids. Both juveniles and adults in the Willamette migrate past the
site on their way to and from upstream spawning areas. Becau~e of the
shallowness of the beach adjacent to the discharges, adults would not be

expected to move through concentrated areas of the plume and should
suffer little impact from their limited exposures. ~uvenile salmon
migrate downstream along shallow beaches or used them as refuges from
predators. While a significant percentage of outmigrating juvenile
salmonids will pass through the plume, short exposures are expected to
result in perhaps very minor stress to respiration and metabolism but
not kill significant numbers of fish.

Reliability

This alternative, by definition, is not a reliable method of reme
diating the site problems. The methods proposed for monitoring are,
however, very reliable. The reliability factor for this alternative, if
acceptable, would be high.

Conformance to ARAR's

Because the No-Action Alternative would apply no remediation to the
site, it would not meet the ~~ for lead in surface water, since the
lead concentration of East Doane Lake is, on average, slightly higher

than the MCL or the Oregon Water Quality Standard of 0.05 mg/l. The
National Ambient Air Quality Standard (NAAQS) for lead of 1.5 ug/m3 for
a calendar quarter would not be exceeded during periods of no or low
site activity. The MeL for lead would be exceeded in some of the moni
toring wells, at least at the outset. As pH values in the shallow
aquifer system continue to rise, the lead content of the aquifer water
will likely continue to decline. At present, there is no consumptive
use of the aquifer, and publicity combined with institutional controls
may continue to prevent consumptive use •

The No-Action Alternative would probably not always meet the Oregon
Water Quality Standard for discharges to the Willamette River, since the
average lead content of East Doane Lake water is 0.09 mg/l.
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Finally, the No-Action Alternative does not address materials on
site that are primary or secondary sources of lead, i.e. battery
casings, matte, surface soils, subsurface soils and sediments. Each of
those materials, in varying quantities and concentrations, fails the
standard of EP Toxicity for lead. The ability of the No-Action
Alternative to meet ARARs is jUdged to be low.

Reduction in Toxicity, Mobility, or Volume

This alternative does not reduce -toxicity, mobility, or volume of

contaminants on-site. The factor for reduction in toxicity, mobility,
or volume is low.

6.2.2 Implementability

Constructability

The construction work in this alternative involves the installation
of air monitors and signs. These will be done by standard and proven
methods. The constructability factor for this alternative is, there
fore, considered high.

Performance

Since there is no remedial action performed on site, the perfor
mance factor is considered low.

Safety

Safety during installation of monitoring equipment would not be an
issue. The safety factor is considered high.

Time Required

The time required to perform installation is outlined in the
following sequential activities:

••

o

o

Specification and procurement
Installations

Total time
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Permitting

The No-Action Alternative includes ins~allation of four additional
high volume air monitors (HrVOLl. These require an electrical 110 volt
power source. Depending on the power source location, the electrical
termination, and disposition of the connecting cable, a construction
permit may be required. No other permit requirements are foreseen.

Community Concerns

Very little community conern has been expressed about the Gould
site. Some community opposition to the disposal of battery casings in
St. John's Landfill has been eY~ressed. This alternative would avoid

that disposal method. No other community concerns, expressed or
assumed, would be addressed by the NO-Action Alternative. Its ability
to satisfy community concerns is rated low.

Institutional Requirements

In order to allow the No-Action Alternative to be implemented, a
number of institutional requirements would have to be waived and insti
tutional controls would have to be implemented. Foremost is the fact
that ARARs for the Gould site would not be met, and none of the six
waivers under SARA could be used to just~fy the shortcoming.

The range of institutional controls available to be applied to the
Gould site has been addressed in Section 4 of this report. They include
water permit restrictions, zoning restrictions, land use restrictions,
deed restrictions, and sale restrictions. For the No-Action Alterna
tive, water permit restrictions by themselves would not be particularly
useful because of the lack of a mechanism for controlling well drilling
in the shallow aquifer. Zoning restrictions currently restrict any use

other than heavy industrial in the study area. The land use restriction
mechanism of the Oregon Notice of Environmental Hazards Act could be
used to restrict future site development. Finally, as the property
owner, Gould Inc. has the right to place notices on the deed or other
instrument restricting use or covenanting not to sell the property.
However, the effectiveness of institutional controls in allowing the
No-Action Alternative to meet remedial objectives is judged to be low,
as is the performance rating from an institutional requirement stance •
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6.2.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes the purchase and
installation of warning signs and HIVOL airborne monitors. The second
is the operating costs for sampling and samples analysis for a 30-year
period. Operating costs are discounted to present worth values for com

parison purposes. Detailed cost breakdown information is provided in
Appendix C.

Alternative U

Assumptions include:

Capital
Costs

$34,692

O&M @ 12%
Present Worth

$156,962

Total
Cost

$191,654

o

o

o

Sampling duration - 30 years
Semi-annual reporting
Present Worth Costing - 30 years @ 12 percent

•

••

6.3 ALTERNATIVE 2A EVALUATION

Alternative 2A comprises removal and off-site disposal of the sur
face piles of battery casing fragments, surface treatment with lime, and
a long-term monitoring program.

6.3.1 Effectiveness

Endangerment Assessment

Alternative 2A achieves 95.1 percent of the overall reduction in
lead exposure achieved by the most protective alternative, Alternative
10.

Short-term risks for workers onsite would be negligible because
workers onsite would :ollow health and safety procedures and use per
sonal protective equipment where warranted. In addition, fencing and
other controls would be used to prevent members of the public from
entering the site. The hazard index for inhalation of lead by offsite
workers at the fenceline is well below the acceptable chronic intake.

Reliability

The removal and disposal of the surface piles of battery casing
fragments is considered a reliable means of reducing air pollution from
the site. Lime treatment, however, will require frequent testing to
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ascertain that soil pH is within the required range,
regular repetition to replace lime lost in runoff.
equipment will require continued maintenance, as well.
of this alternative is judged to be moderate.

Conformance with ARARs

and will demand
Site monitoring
The reliability

•

•e

Alternative 2A :onsists of removal of surface piles of battery
casings, treatment of the surface with lime, and monitoring. The appli
cation of lime to the surface would raise the pH of site runoff into
East Doane Lake, and of the lake itself. The raised pH of the lake
would reduce the dissolved component of lead in the lake. This Feduc
tion may be adequate to allow East Doane Lake to achieve the ARAR for
lead of 0.05 mg/l.

A raised lake pH would likely not be adequate to allow the lake
always to meet the Oregon Water Quality Standard for the Willamette
River, since the average East Doane Lake lead concentration is 0.09
mg/l. However, a reduction in dissolved lead would result from a raised
pH, and any Doane Lake discharge would likely meet the standard within a
small mixing zone.

Since' the National Ambient Air Quality Standard (N~QS) for lead of
1.5 ug/m3 for a calendar quarter would not be exceeded for the NO-Action
Alternative during periods of no or low site activity, it would not be
exceeded for Alternative 2A either. Total suspended particulates would
probably rise because of the availability of lime dust to become wind
borne. But the percentage of lead in airborne particulates would be
reduced over the No-Action Alternative.

The MCL for lead would continue to be exceeded in some of the moni
toring wells, at least at the outset. The action of the lime would

serve to gradually and continuously . immobilize the lead in soils,
however, which would produce over time the effect of lowering the
dissolved lead .component of ground-water contamination. At present,
there is no consumptive ~se of the aquifer, and publicity combined with
institutional controls ~ay continue to prevent consumptive use.

Finally, except :or the immobilizing effect of the lime, Alterna
tive 2A does not address ~aterials on site that are primary or secondary
sources of lead, i.e. ~a:tery casings, matte, surface soils, subsurface
soils and sediments. ~3':~ of those materials, in varying quantities and
concentrations, fails ~~e standard of EP Toxicity for lead. For
Alternative 2A, ach i ev e.re r.; of ARMs is judged to be low to moderate.
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Reduction in Toxicity, Mobility, or Volume

Alternative 2A does not significantly reduce the volume or toxicity
of the site contaminants. Contaminant mobility is reduced by decreasing
the availability of site contaminants for dissolution in surface water.
This alternative is rated low for reducing contaminant toxicity, mobi
lity or volume.

6.3.2 Implementability

Constructability

Alternative 2A would be accomplished using conventional machinery
and techniques. It is therefore rated high for constructability.

Performance

The intent of this alternative is to mitigate health and environ

mental effects of site contaminants due to airborne pollution or expo
sure to contaminated surface water; and to reduce the off-site migration
of contaminants in the air and in surface water. Removal of. the surface
piles is expected to substantially reduce the entrainment of dust from
the site by wind. Re-application of lime every two years will likely be
required to maintain the long-term reduction of contaminant migration in·
surface water. When combined with appropriate institutional controls,
the performance of this alternative is judged to b~ moderate.

Safety

Under this alternative, it will be necessary to transport con
taminated material on the public highways to a RCRA-approved disposal
site. Applicable DOT and EPA regulations for the transport of hazardous
materials will be followed. During remediation,. worker safety issues
similar to those for minor earthmoving projects will arise. Hazards
associated with site contaminants will be controlled by appropriate
respiratory protection, proper safety attire and the application of dust
suppression techniques.

The monitoring program for Alternative 2A will be similar to that
discussed under the No-Action Alternative in Section 5.2.1. The moni
toring program will use monitoring wells to look for changes in the
groundwater contaminant plume. Implementation of the monitoring program
will not raise any serious safety issues. Overall, however, this alter
native is rated moderate for safety.
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Time Required

Alternative 2A could be executed in one year, including planning,
review, contracting and completion. There are no site conditions or
known zoning requirements which might delay execution. Benef icial
effects of the removal of the surface piles will be immediate. Bene
ficial effects of treating the site surface with lime will accrue gra
dually, as lime leaches into the East Doane Lake remnant. Implementa
tionof this alternative is dependent on the availability of an off-site
disposal location. However, it is expected that a suitable disposal
location can be found for the small volume of material in the surface
piles.

Permitting Requirements

This alternative involves the off-site handling or disposal of bat
tery casings, probably in a regulated landfill, because of the relati
vely small amount which must be done in accordance with applicable
regulations pertaining to transportation and disposal of designated
hazardous waste under RCRA (40 CFR 263) and the EPA Off-Site Policy. In
construction, site drainage systems are emplaced. Additionally, three
(HIVOL) air monitors have to be relocated and one new one installed •
Construction permits will ~~ required for these activities. No other
permit requirements are foreseen.

Community Concerns

Alternative 2A would address only the community concern regarding
disposal of battery casings in St. John's Landfill. To some extent,
community concern over airborne lead from the site would be alleviated
by this alternative. Effectiveness in satisfying community concerns is
judged to be low to moderate.

Institutional Controls

For Alternative 2A, water permit restrictions by ~hemselves would
not be particularly useful because of the lack of a mechanism for
controlling well drilling in the shallow aqUifer. zoning restrictions
currently restrict any use other than heavy industrial in the study
area. The land use restriction mechanism of the Oregon Notice of
Environmental Hazards Act could be used to restrict future site develop
ment.

As the property owner, Gould Inc. has the right to place notices on
the deed or other instrument restricting use or covenanting not to sell
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the property. This control would be absolutely effective in preventing
contact with contaminated groundwater, since the plume of dissolved lead
in excess of 0.05 mg/l does not extend off the property. Such a control
would be equivalent to meeting the ARAR of the MCL for lead. The effec
tiveness rating for institutional controls is judged to be low to
moderate.

Availability

The equipment

readily available.
high.

and materials needed to implement Alternative 2A are
The availability of Alternative 2A is judged to be

•

6.3.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes site grading,
lakeshore erosion control, parking lot drainage modification, original
soil treatment, water truck rental, and installation of airborne moni
tors. The second is the operating cost which includes off-site disposal
of battery casings on the surface, follow-up soil treatment after five
years, and site monitoring. Operating costs are discounted to present
worth for comparison purposes. Detailed cost breakdown information is
provided in Appendix C.

Alternative t2A

Assumptions include:

Capital
Costs

$683,611

O&M @ 12%
Present Worth

$382,092

Total
Cost

$1,065,703

o

o

o

o

Site grading - 8 acres
Battery casings on surface - 1042 tons
Lime treatment - 29,040 sq. yd~

Costing Interest Rate - 12 percent

••

6.4 ALTERNATIVE 2B EVALUATION

Alternative 2B comprises removal and off-site disposal of the sur
face piles of battery casing fragments, site regrading and blocking of
the overflow from the East Doane Lake remnant, surface capping, and a
long-term monitoring program.
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6.4.1 Effectiveness

Endangerment Assessment

Alternative 2B achieves 98.6 percent and 97.9 percent of the
overall lead exposure reduction achievable by Alternative 10 for the
base case and high dose case, respectively. The only exposure scenario
that results in excessive exposure is the onsite residential exposure
scenario, which is precluded under this alternative by institutional
controls.

Short-term risks for workers onsite would be negligible because
workers onsite would follow health and safety procedures and use per

sonal protective equipment where warranted. In addition, fencing and
other controls would be used to prevent members of the public from
entering the site. The hazard index for inhalation of lead by offsite
workers at the fenceline is well within the acceptable chronic intake.

Reliability

The removal and disposal of the surface piles of battery casing
fragments is considered a reliable means of reducing air pollution from
the site. Surface capping is a proven technology, and is considered
adequately reliable-. Occasional inspection of the cap will be required
to ascertain that the cap does not dry and crack. Site monitoring
equipment will require occasional maintenance, as well. The reliability
of this alternative is judged to be moderate to high.

Conformance with ARARs

Alternative 2B consists of removal of surface piles of battery
casings, regrading the site to drain away from East Doane Lake, capping
contaminated surface soils with soil/bentonite, blocking the East Doane
Lake outlet to the Willamette, and monitoring. Through time, the pH of
East Doane Lake can be expected to rise, as the sulfate plume on the
site is further diluted. A gradual rise in lake pH will gradually
reduce the dissolved component of lead in the lake. This reduction,
along with continued settling of the lake, may be adequate to allow East
Doane Lake to achieve the ARAR for lead of 0.05 mg/l. With the outlet
to the Willamette closed, the Willamette will be protected from any con
taminant plume from East Doane take discharge.

Since the National Ambient Air Quality Standard (NAAQSl for lead of
1.5 ug/m3 for a calendar quarter would not be exceeded for the No-Action
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Alternative during periods of no or low site activity, it would not be
exceeded for - Alternative 2B either. During actual site remediation,
total 'suspended particulates would probably rise, as would the con
centration of airborne lead. The percentage of lead in airborne par
ticulates would be significantly reduced over the long-term.

The MeL for lead would continue to be exceeded in some of the moni

toring wells, at least at the outset. Through time, the ground-water pH
of all on-site wells can be expected to rise as the sulfate plume on the
site is further diluted. A gradual rise in ground-water pH will gra
dually reduce the dissolved component of lead in the shallo... aquifer
system. Over time, this reduction is expected to allow ground water in
on-site wells to achieve the ARAR for lead of 0.05 mg/l. At present,
there is no consumptive use of the aquifer, and publicity combined with
institutional controls will continue to prevent onsite consumptive use.

Alternative 2B does not directly treat materials on site that are
primary or secondary sources of lead, i.e. battery casings, matte, sur
face soils, subsurface soils and sediments. Each of those materials, in
varying quantities and concentrations, fails the standard of EP Toxicity
for lead.

Onder SARA, EPA is authorized to permit remedial action that does
not meet all ARARs by invoking any of six waivers. One of the waivers
is that the proposed remedial action must be as protective of human
health and the environment as meeting the ARAR would be. with the
institutional controls proposed by Gould Inc., the ability of this
alternative to meet the conditions for i~vocation of the waiver is ade
quate. Therefore, the performance rating of this alternative to meet
ARARs, while only moderate without institutional controls, is high when
the controls are considered.

Reduction in Toxicity, Mobility, or VolUme

Alternative, 2B moderately reduces the volume and the toxicity of
the site contaminants. Contaminant mobility is reduced by decreasing
the availability of si:e contaminants for wind entrainment, dissolution
in surface water, or migration into ground water. Contaminant toxicity
is indirectly reduced ~y ~aking the contaminants less available for con
tact with biological or~anisms. This alternative is rated moderate to
high for reducing conta~~~ant toxicity, mobility or volume.

6-21

scoEPA00004587



•

•

•e

6.4.2 Implementability

Constructability

Alternative 2B would be accomplished using conventional machinery
and techniques. It is therefore rated high for constructability.

Performance

The intent of this alternative is to mitigate health and environ
mental effects of site contaminants due to airborne pollution, exposure
to contaminated surface water, or exposure to primary source material at
the surface and secondary source materials (surface soils): and to

reduce the off-site migration of contaminants in the air, in surface
water, and in ground water. Removal of the surface piles is expected to
substantially reduce the entrainment of dust from the site by wind.
Site regrading and blocking of the overflow from the East Doane Lake
remnant will prevent the accumulation of runoff in the lake remnant, and
halt the transport of contaminated surface water off site. Site capping
will place a barrier between the remaining contaminants and the environ

ment, thereby reducing their availability for off-site transport by sur
face water and ground water, as well as reducing the chance of direct
contaminanu ingestion in soils. When combined with appropriate institu
tional controls, the performance of this alternative is judged to be
high.

Safety

Under this alternative, it will be necessary to transport con
taminated material on 'the puhLic highways to a RCRA-approved disposal
site. Applicable DOT and EPA regulations for the transport of hazardous
materials will be followed. During remediation, worker safety issues
similar to those for minor earthmoving projects will arise. Hazards
associated with site contaminants will be controlled by appropriate
respiratory protection, proper safety attire and the use of dust
suppression techniques.

The monitoring program for Alternative 2B will be similar to that
discussed under the No-Action Alternative in Section 5.2.1. The moni
toring program will use monitoring wells to look for changes in the
groundwater contaminant plume. Implementation of the monitoring program
will not raise any serious safety issues. Overall, this alternative is
rated moderate to high for safety.
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Time Reguired

Alternative 2B could be executed in one year, including planning,
review, contracting and completion. There are no site conditions or
known zoning requirements which might delay execution. Beneficial
effects of remediation under this alternative will be immediate.
Implementation is dependent on the availability of an off-site disposal
location. However, it is expected that a suitable disposal location can
be found for the relatively small volume of material in the surface
piles.

Permitting Requirements

This alternative involves the off-site disposal of battery casings
in a regulated landfill, which must be done in accordance with applicable
regulations pertaining to transportation and disposal of designated
hazardous waste under RCRA (40 CFR 263) and the EPA Off-Site Policy. In
construction, site drainage systems are emplaced and air monitors have
to be relocated and installed. Construction permits may be required
for these activities. No other permit requirements are foreseen.

Community Concerns

Alternative. 2B would address the community concern about high
levels of airborne lead as well as the effects of airborne lead on
workers' health. This alternative would not restrict any land use out
side of the Gould property, thus alleViating concern about future deve
lopment of the Doane Lake area because ~f remaining site contaminants.
Performance considering satisfaction of community concerns is judged to
be high.

Institutional Controls

In order to allow implementation of Alternative 2B, EPA would have
to grant a waiver from the SARA r ~uirement that ARARs be met on site.
However, the basis for granting that waiver is sound; because of insti
tutional controls, the alternative is as protective of human health and
the environment as is meeting all ARARs for the site.

For Alternative 2B, water permit restrictions by themselves would
not be particularly useful because of the lack of a mechanism for
controlling well drilling in the shallow aquifer. Zoning restrictions
currently restrict any use other than heavy industrial in the study
area. The land use restriction mechanism of the Oregon Notice of
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Environmental Hazards Act could be used to restrict future site develop
ment •

As the property owner, Gould Inc. has the right to place notices on
the deed or other instrument restricting use or covenanting not to sell
the property. This control would be absolutely effective in preventing
contact with contaminated ground water, since the plume of dissolved
lead in excess of 0.05 mg/l does not extend off the property. Such a
control would be equivalent to meeting the ARAR of the MCL for lead.
The control would also be highly effective in preventing contact with
contaminated soils; all soils that present an unacceptable health risk
will be buried under two feet of soil/bentonite. As part of Alternative

2B, Gould Inc. will make use of institutional controls regarding future
land ownership and use. Gould will covenant to maintain ownership and
exercise limited use of the property in perpetuity, through the execu
tion of an instrument, legally binding on Gould Inc., as well as on its
heirs and successors. Gould Inc. will include a provision in the
instrument regarding the possible future sale of the property. At such
future time that Gould may, for circumstances unforeseen, be in a posi
tion that favors or requires the sale of the property, Gould· or its
heirs or successors will then re-evaluate the need for additional site
remediation to protect human health and the environment. From an insti
tutional control viewpoint, Alternative 2B is judged to have a high
rating.

Availability

The equipment
readily available.
high.

and materials needed ~o implement Alternative 2B are
The availability of Alternative 2B is judged to be

••

6.4.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes ~ite grading,
parking lot drainage modification, installation of airborne monitors,
surface capping and revegetation. The second is the operating cost
which includes off-site disposal of surface battery casings, water truck
rental, and site monitoring. Operating costs are discounted to present
worth for comparison purposes. Detailed cost breakdown information 3

provided in Appendix c .
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• Alternative i2B

Capital
Costs

$1,239,065

O&M @ 12%
Present Worth

$138,952

Total
Cost

$1,378,017

Assumptions include:

o

o

o

o

o

Site grading - 8 acres
Surface capping - 7.5 acres
Revegetation - 10 acres
Battery casings on surface - 1042 tons
Costing interest rate - 12 percent

•

•e

6.5 ALTERNATIVE 8 EVALUATION

Alternative 8 comprises removal and off-site disposal of the sur
face piles of battery casing fragments and East Doane Lake sediments,
site regrading and blocking of the overflow from the East Doane Lake
remnant, surface capping, and a long-term monitoring program.

6.5.1 Effectiveness

Endangerment Assessment

Alternative 8 achieves 98.6 percent and 97.9. percent of, the overall

reduction to lead exposure achievable by Alternative 10 for ,the .base
case and high dose case, respectively.

Short-term risks for workers onsite would be negligible because
workers onsite would follow health and safety procedures and use per
sonal protective equipment where warranted. In addition, fencing and
other controls would be used to prevent members of the pub l i.c from
entering the site. The hazard index for inhalation of lead by offsite
workers at the fenceline is well within the acceptable chronic intake.

Reliabili ty

The removal and disposal of the surface piles of battery casing

fragments is considered a reliable means of reducing air pollution from
the site. The removal and disposal of the East Doane Lake sediments is
considered a reliable means of reducing pollution of site surface water.
Surface capping is a proven technology, and is considered moderately
reliable. Frequent inspection of the cap will be required to ascertain
that the cap does not dry and crack. Site monitoring equipment will
require continued maintenance, as well. The reliability of this alter
native is judged to be moderate to high.
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Conformance with ARARs

Alternative 8 consists of removal of surface piles of battery
casings, regrading the site to drain away from East Doane Lake, capping
contaminated surface soils with soil/bentonite, blocking the East Doane
Lake outlet to the Willamette, removal of contaminated sediments,
filtration of East Doane Lake, and monitoring. The main difference bet
ween the ability of this alternative to meet ARARs and the ability of
Alternative 2B to meet ARARs is in the time required to reduce the lead
content of East Doane Lake to 0.05 mg/l. Removal of contaminated sedi
ments containing leachable lead, combined with filtration of the lake,
will reduce the amount of time necessary to reduce the lead content of

the lake water. Through time, the pH of East Doane Lake can be expected
to rise, as the sulfate plume on the site is further diluted. A gradual
rise in lake pH will gradually reduce the dissolved component of lead in
the lake. Filtration of the lake will more quickly reduce the non
dissolved portion of lake lead than continued settling. Reduction of
both dissolved and non-dissolved lake lead will, in all likelihood, be
adequate to allow East Doane Lake to achieve the ARAR for lead of 0.05
mg/l. With the outlet to the Willamette closed, the Willamette will be

protected from any contaminant plume from East Doane Lake discharge.

Since the National Ambient Air Quality Standard (NAAQS) for lead of
1.5 ug/m3 for a calendar quarter would not be exceeded for the No-Action
Alternative during periods of no or low site activity, it would not be

exceeded for Alternative 8 either. During actual site remediation,
total suspended particulates would probably rise, as would the con
centration of airborne lead. The percentage of lead in airborne par
ticulates would be significantly reduced over the long-term.

The MCL for lead would continue to be exceeded in some of the moni

toring wells, at least at the outset. Through time, the ground-water pH
of all on-site wells can be expected to rise as the sulfate plume on the
site is further diluted. A gradual rise in ground-water pH will gra
dually reduce t"he di s so Lved component of lead in the shallow aquifer
system. Over time, this ~eduction may be adequate to allow groundwater
in on-site wells to achlcve the ARAR for lead of 0.05 mg/l. At present,
there is no consumptive use of the aquifer, and publicity combined with
institutional controls ~ill continue to prevent onsite consumptive use.

Alternative 8 does ~ot directly treat most of the materials on site
that are primary or ..;",:-::-.,iary sources of lead, Le. battery casings,
matte, surface soils, 1~~ subsurface soils. The alternative does
address contaminated .;'": ~-:ents. Each of the remaining materials, in
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varying quantities and concentrations, fails the standard of EP Toxicity
for lead.

Onder SARA, EPA is authorized to permit remedial action that does
not meet all ARARs by invoking any of six waivers. One of the waivers
is that the proposed remedial action must be as protective of human
health and the environment as meeting the ARAR would be. With the
institutional controls proposed by Gould Inc., the ability of this
alternative to meet the conditions for invocation of the waiver is ade
quate. Therefore, the performance rating of this alternative to meet
ARARs, while only moderate without institutional controls, is high when

the controls are considered.

Reduction in Toxicity, Mobility, or Volume

Alternative 8 does not significantly reduce the volume nor directly
reduce the toxicity of the site contaminants. Contaminant mobility is
reduced by decreasing the availability of site contaminants for wind
entrainment, dissolution in surface water, or migration into ground
water. Contaminant toxicity is indirectly reduced by making the con
taminants less available for contact with biological organisms. This
alternative is rated moderate to high for reducing contaminant ~oxicity,

mobil~ty or volume.

6.5.2 Implementability

Constructability

Alternative 8 would be accomplished using conventional machinery
and techniques. It is therefore rated high for constructability.

Performance

The intent of this alternative is to mitigate health and environ
mental effects of site contaminants due to airborne pollution, exposure
to contaminated surface water, or exposure to primary source material in
soils~ and to reduce the off-site migration of contaminants in the air
or in surface water. Removal of the surface piles is expected to
substantially reduce the entrainment of dust from the site by wind.
Site regrading and blocking of the overflow from the East Doane Lake
remnant will prevent the accumulation of runoff in the lake remnant, and
halt the transport of contaminated surface water off site. Site capping
will place a barrier between the remaining contaminants and the environ
ment, thereby reducing their availability for off-site transport by sur-
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I, face water and direct contaminant ingestion with soils.
with appropriate institutional controls, the performance
native' is judged to be high.

Safety

When comhi ned
of this alter-

•

••

Under this alternative, it will be necessary to transport con
taminated material on the puhl.Lc highways to a RCRA-approved disposal
site. Applicable DOT and EPA regulations for the transport of hazardous
materials will be followed. During remediation, worker safety issues
similar to those for minor earthmoving projects will exist. Hazards
associated with site contaminants will be reduced by appropriate
respiratory protection, proper safety attire and the application of dust
suppression techniques.

The monitoring progr~ for Alternative 8 will be similar to that
discussed under the No-Action Alternative in Section 5.2.1. The moni
toring program will use monitoring wells to look for changes in the
groundwater contaminant plume. Implementation of the monitoring program
will not raise any serious safety issues. The additional equipment to
be used" in this alternative suggests a moderate safety rating •

~ime Reguired

Alternative 8 could be executed in one year, including planning,
review, contracting and completion. There are no site conditions or
known zoning requirements which might delay execution. Benef icial
effects of remediation under this alternative will be immediate.
Implementation is dependent on the availability of an off-site disposal
location. However, it is expected that a suitable disposal location can
be found for the small volume of material in the surface piles and the
sediments.

Permitting Reguirements

This alternative involves the off-site disposal of battery casings
and sediments in a regulated landfill, which must be done in accordance
with applicable regulations pertaining to transportation and disposal of
designated hazardous waste under RCRA (40 CPR 263). In construction,
si te drainage systems are emplaced. Additionally, three (HIVOL) air
monitors have to be relocated and one new one installed. Construction
and dredging permits may be required for these activities. No other
permit requirements are foreseen .

6-28

scoEPA00004594



•

•

••

Community Concerns

Alternative 8 would address the community concern about high levels
of airborne lead as well as the effects of airborne lead on workers'
health. This alternative would not restrict any land use outside of the
Gould property, thus alleviating concern about future development of the
Doane Lake area because of remaining site contaminants. The alternative
is rated high for performance in satisfying community concerns about the
site.

Institutional Controls

In order to allow implementation of Alternative 8, EPA would have
to grant a waiver from the SARA requirement that ARARs be met on site.
However, the basis for granting that waiver is sound; because of insti

tutional controls, the alternative is as protective of human health and
the environment as is meeting all ARARs for the site.

For Alternative 8, water permit restrictions by themselves would
not be particularly useful because of the lack of a mechanism for
controlling well drilling in the shallow aquifer. Zoning restrictions
currently restrict any use other than heavy industrial in the study
area. The land use restr iction mechandsm of the Oregon Notice of
Environmental Hazards Act could be used to restrict future site develop
ment.

As the property owner, Gould Inc. has the right to place notices on
the deed or other instrument restrictin~ use or covenanting not to sell
the property. This control would be absolutely effective in pr~venting

contact with contaminated ground water, since the plume of dissolved
lead in excess of 0.05 mg/l does not extend off the property. Such a
control would be equivalent to meeting the ARAR of the MeL for lead.
The control would also be highly effective in preventing contact with
contaminated soils; all soils that present an unacceptable health risk
will be buried under two feet of soil/bentonite. As part of Alternative
8, Gould Inc. will make use of institutional controls regarding future
land ownership and use. Gould will covenant to maintain ownership and
exercise limited use of the property in perpetuity, through the execu
tion of an instrument, legally binding on Gould Inc., as well as on its
heirs and successors. Gould Inc. will include a provision in the
instrument regarding the possible future sale of the property. At such
future time that Gould may, for circumstances unforeseen, be in a posi
tion that favors or requires the sale of the property, Gould or its
heirs or successors will then re-evaluate the need for additional site
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remediation to protect human health and the environment.. From an insti
tutional control viewpoint, Alternative 8 is judged to have a high
rating~

Availability

The equipment
readily available.
high.

and materials needed to implement Alternative 8 are
The availability of Alternative 8 is judged to be

6.5.3 Cost Analysis

The costs associated with this alternative are divided into two

categories. The first is capital cost which includes site grading,
parking lot restructuring, lakeshore erosion control, installation of
airborne monitors, pumping and filtering of East Doane Lake, surface
capping, and revegetation. The second is the operating cost which
includes the off-site disposal of surface battery casings and lake sedi
ments, water truck rental, and site monitoring. Operating costs are
discounted to present worth for comparison purposes. Detailed cost
breakdown information is provided in Appendix C.

•
Alternative .8

Capital
Costs

$2.942,908

O&M @ 12%
Present Worth

$ 181,793

Total
Cost

$3,124,701

Assumptions include:

o

o

o

o

o

o

o

Site grading - 2.3 acres
Surface capping - 7.5 acres
Revegetation - 10 acres
Pumping Time - 550 hours
Battery Casings on surface - 1042 tons
Lake sediments - 5560 tons
Costing Interest Rate - 12 percent

••

6.6 ALTERNATIVE 10 EVALUATION

Alternative 10 consists of excavation of battery casings and matte,
separation and recycle of battery casings, regrading the site to drain
away from East Doane Lake, stabilization of contaminated surface soils,
subsurface soils, sediments, and matte, blocking the East Doane Lake
outlet to the Wi11amette, filtration of East Doane Lake, and mo~itoring.
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6.6.1 Effectiveness

Endangerment Assessment

Exposure under Alternative 10 are all acceptable, and are margi
nally lower than for any other alternative.

Short-term risks for workers onsite would be negligible because
workers onsite would follow health and safety procedures and use per
sonal protective equipment where warranted. In addition, fencing and
other controls would be used to prevent members of the pub1.ic from
entering the site. The ~azard index for inhalation of lead by offsite
workers at the fenceline is well below the acceptable chronic intake.

Reliability

The removal of and treatment of contaminated material in the
met~ods prescribed by this alternative will remove recharge contaminant
sources for ground water and prevent airborne migration of contaminants.
The separation of battery casing materials for off-site recycle would
require a high degree of )&M to ensure proper performance. Fixation of
heavy metals in soil has been performed at other sites with a certain
degree of reliability. The agent binds the heavy metals in a ma trix
'with soil making them nonm~ ile. Future mobility could only be induced
by a chemical or physical means such as oxidation with an acid or mecha
nical disturbance. The placement of a soil and vegetative cover over
the backfill will further prevent oxidation by weathering. To ensure
reliability, the fixation agent will be selected from bench scale and
~ilot test data. These tests will determine the agent most suitable and
dosing requirement to meet leachability testing. The reliability of
this alternative is considered low, because of the many technical ele
ments involved and because of the O&M reqUirements.

Conformance with ARARs

Removal of·contami~ated sediments containing leachable lead, com
bined with filtration of the lake, will reduce the amount of time
necessary to reduce the lead content of the lake water. Through time,
the pH of East Doane La~e can be expected to rise, as the sulfate plume
on the site is further jiluted. A gradual rise in lake pH will gra
dually reduce the dissc ~ '.oed component of lead in the lake. Filtration
of the lake will more ~'~ ~ :)<1'1 reduce the non-dissolved portion of lake
lead than continued se·'":~~"g. Reduction of both dissolved and non
dissolved lake lead w i , , ;,:; all likelihood, be adequate to allow East
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Doane Lake to achieve the ARAR for lead of 0.05 mg/l. with the outlet
to the Willamette closed~ the Willamette will be protected from any con
taminant plume from East Doane Lake discharge.

Since the National Ambient Air Quality Standard (NAAQS) for lead of

1.5 ug/m3 for a calendar quarter would not be exceeded for the No-Action
Alternative during periods of no or low site activity, it would not be
exceeded long-term for Alternative 10 either. During the years of
actual site remediation for Alternative 10, total suspended particulates
would show a significant rise, as would the concentration of airborne
lead. The percentage of lead in airborne particulates would be signifi
cantly reduced over the long-term.

The MeL for lead would continue to be exceeded in some of the moni
toring wells, at least at the outset. Through time, the ground-water pH
of all on-site wells can be expected to rise as the sulfate plume on the
site is further diluted. A gradual rise in ground-water pH will gra
dually reduce the dissolved component of lead in the shallow aquifer
system. Over time, this reduction couple with removal of all primary
source materials and stabilization of all secondary source materials
should be adequate to allow groundwater in on-site wells to achieve the
ARAR for lead of 0.05 mg/l. Actual time required to achieve the ARAR
will depend on" the amount; of precipitation received, since runoff will
be diverted' away from the site and made unavailable as a source of
recharge. At present, there is no consumptive use of the aquifer, and
publicity combined with institutional controls may continue to prevent
consumptive use until the aquifer achieves the ARAR.

Alternative 10 directly treats the materials on site that are pri

mary or secondary sources of lead, i.e. battery casings, matte, surface
soils, subsurface soils, and sediments. No materials that fail the
standard of EP Toxicity for lead will remain uncontrolled at the end of

remediation under Alternative 10. The performance of Alternative 10 in
meeting ARARs for the Gould site is judged to be high.

Reduction in Toxicity, Mobility, or Volume

Although this alternative would greatly reduce the volume and toxi
city of hazardous materials on the Gould site, the volume of the treated
soil material will actually increase about 0.5 percent due to the addi
tive and 5 percent because compaction by normal methods will achieve 95
percent of the density of the in-situ conditions. Engineering studies
performed to date show that the toxicity of the separated plastic and
ebonite, expressed in terms of TCLP concentration, is not reduced to 5
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mg/l. ,For plastic, the TCLP following separation is probably within a
acceptable range for two reasons: (1) recycle will reduce the leachabi
lity of lead in the plastic; and (2) RCRA regulations allow recycle even
if TCLP (or EP. Toxicity) for lead is exceeded (see Alternative 10
discussion under Availability). For ebonite, however, the TCLP results
received in engineering study analyses are intolerably high from the
point of view of NL Industries and Gould. Total lead results as high as
40,000 mg/kg were obtained in Poly-Cycle samples of separated ebonite;
TCLP results as high as 250 mg/l and 200 mg/l were obtained from Ace
Battery tests and Poly-Cycle tests, respectively. Further, the 250 mg/l
TCLP result from the Ace Battery test was obtained on an ebonite sample
that had been acid-washed and rinsed with deionized water.

Even if these materials are recyclable under RCRA, NL Industries
and Gould are quite unwilling to accept the liability that attends
recycle of materials with such high total lead results. Simply put,
from a corporate point of view, use of the ebonite in drilling muds,
while allowable under RCRA today, could certainly prove to be folly
under CERCLA tomorrow. Alternative 10 is ,judged to be high in reduction
of toxicity, mobility, or volume of site contaminants, but low in terms
of its ability to reduce toxicity of materials to be recycled •

6.6.2 Implementability

Constructability

The site work and construction of facilities in this alternative
will be ;erformed using standard methods and equipment. However, a
significant amount of 'equipment needs to be brought on site. The site
is in an industrial area with good utility access; however, disruption
of local services or utilities is foreseen during the construction
period. For Alternative 10, which involves excavation at the site, the
location of power lines along the northwest edge of the Gould property
must also be considered. The Bonneville Power Administration (BPA)
maintains a 115-kV transmission line on the Rhone-Poulenc and ESCO pro
perties that feeds one of the 2"\'s Direct Service Industries. The BPA
indicates that this line serves a heavy user of power that typically
shuts down for only a few days each year for maintenance. Thus, removal
or relocation of the transmission line may entail a loss of revenue for
the power user, as well as additional costs associated with on-site work
and new construction. On the other hand, the operation of heavy equip
ment near an energized transmission line may constitute a significant
safety hazard. In addition, Portland Power and Light maintains a power
line alongside the transmission line, at roughly half the elevation of
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the SPA line. The constructability factor of this alternative is con
sidered moderate.

Performance

The treatment plants, once set-up, would be manned by locally
trained operators with supervision by a small technical staff. Process
performance would be controlled according to strict procedures and a
quality control program. Backfilling of the treated soils will be done
according to standard construction procedures. Therefore, no specialist
requirements are foreseen to achieve performance goals. The so~l, when
fixed and the soil-vegetative protective cover is in place, should remain
that way indefinitely. The battery casings, when separated and removed
off site, will present no further problem for this site. Performance
factor for this alternative is considered high.

Safety

The processes for battery casings and soils use no chemicals that
are harmful by normal contact to the operators. The battery casing and
soils materials could be harmful if inhaled or ingested. Personnel in
these areas will wear protective clothing and gloves. In the dry
handling areas the operators will be required to wear safety masks. On
site contractors handling wa~te materials will be required to have per-

r

sonnel who are health and safety trained. Technical staff will imple-
ment. safety programs in the process plant. In the training program for
local operators, a segment will be devoted to health and safety. The
safety for this alternative is considered to be moderate.

Time Reguired

The time required to perform this alternative is outlined in the

following sequential activities.

•e

Remedial design, specification, procure
ment, contracting, and permitting

Facility construction

Excavating and processing battery
casings and soils materials. Back
filling of soils

Demolition, salva'-·"1g and site
renovation

Total Time
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Permitting Requirements

This alternative involves the removal and treatment of battery
casings, soils, sediments, and matte. Battery casing products <lead,
ebonite, plastic, etc.) will be sent to reprocessing facilities and
treated soils, sediments, and matte will be backfilled on site. The
owner will have to ensure that the recipient of the battery casings

meets RCRA TSD requirements for processing hazardous waste as is in
compliance with the EPA Off-Site Policy. In construction, process
facilities will be built, site drainage systems emplaced, air monitors
installed, and after treatment, the facilities demolished. Cons~ruction

permits will be required for these activities.

Community Concerns

Alternative 10 would address the community concern about high
levels of airborne lead as well as the effects of airborne lead on
workers' health. This alternative would be likely to encounter the
least community opposition because of the final condition of the site.
However, strong opposition to the short-term effects of remediation can
be anticipated. Affected popUlations (nearby workers and in nearby
residences) can be expected to oppose any action at the site that will
increase airborne. lead, as any site reme(liation will unavoidable do.
Such opposition will be stronger for Alternative 10 than for any of the
alternatives discussed thus far, because of the more rigorous approach
to site treatment. This alternative is rated as high in satisfying com
munity concerns.

Institutional Controls

For Alternative 10, the site is left in a completely remediated
condition. Battery casings and other source materials would be gone
from the site, contaminated soils would be stabilized, East Doane Lake
would be treated, and groundwater would be treated.

The only restrictions would relate to disturbance of remediated
soils, since unlimited activity could gradually break down the stabi
lized matrix. The land use restriction mechanism of the Oregon Notice
of Environmental Hazards Act could be used to restrict future site deve
lopment or activity to avoid any undesired activity •

As with all other alternatives, Gould Inc. has the right to place
notices on the deed or other instrument restricting use of the property •
This control could be used instead of, or in combination with, the land
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use restriction mechanism to avoid undesired site activity. There would
be no need for further site institutional control. The ability of the
alternative to meet institutional requirements and its ease of implemen
tation from an institutional control stance is high.

Availability

At the presenc cime, equipment that can separate the mixed battery
casing materials on site into recyclable components is unavailable. The
reader is referred to the Section 5 discussion on engineering studies
that have been performed to determine the applicability of separation
equipment to the Gould site. Prior to the conduct of the RI/FS, Alchem
Western brought recycling equipment to the site~ it failed. During the
RI/FS, NL Industries, Inc. and Gould Inc. have conducted engineering
studies on equipment manufactured by MA Industries and on equipment
manufactured by Poly-Cycle Industries ~ both studies showed that the
separated plastic and ebonite fail the test of TCLP for lead. Plastic
does not fail badly, while ebonite samples show very high levels of
total and leachable lead.

EPA has interpreted RCRA regulations regarding recycle of plastic,

metallic lead, and ebonite from the site in a recent letter (see
Appendix P). While EPA would allow recycle of plastic, metallic lead
and ebonite without designation as hazardous waste, lead oxide would be
required to be transported and treated as a hazardous waste. As such,
any facility which may be interested in accepting the lead oxide for
purposes of recovering the lead would have to be permitted as a TSD
facility under 40 CFR Part 264. This requirement significantly reduces
the availability of recycling options for lead oxide.

As an overall rating, the availability of equipment to effectively

implement Alternative 10 is judged to be low.

6.6.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes site grading,
parking drainage modification, lakeshore erosion control, excavation of
materials for the processing plant, installation of airborne monitors,
excavation of materials for the processing plant, replacement of fixated
soils, revegetation and construction of a processing plant. The second
is the operating cost" ..hich includes plant, heavy equipment rental,
plant additives, plant ~abor, plant maintenance, plant demolition, and
site monitoring. ope r a t i nq costs are discounted to present worth for
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comparison purposes. Detailed cost breakdown information is provided in
Appendix C.

The costs for this type of study estimate are normally expected to
be 'within about 30 percent of actual costs. However, for this alter

native we have included a contingency of 50 percent to reflect the

greater uncertainty associated with the alternative. Even with that

contingency, the costs are only conceptual at this point, and as

discussed below, could be low by a factor of 2 or 3 depending on the

final configuration of the alternative. Clearly, the uncertainties are

too great to allow meaningful comparisons of costs at this time.

Alternative no

Capital
Costs

$4,810,692

O&M
Present Worth

$4,427,840

Total
Cost

$9,238,532

Assumptions include:

•
o

o

o

o

o

o

Site grading - 2.3 acres
Pumping time - 550 hours
Plant building - 18,000 sq. ft.
Material processed - 108,450 cu. yd.
Plant labor force - 12 people for 2 years
Costing Interest Rate - 12 percent

•e

The costs presented for Alternative 10 do not include any expense

items for processes that may be necessary to remove interstitial lead

from the ebonite, because at this time the ultimate efficiency of the
ebonite separation equipment, which may render post-separation lead
removal unnecessary, is unknown. Estimated costs for such removal
processes were developed by the Bureau of Mines for a plant at the
United Scrap Lead site near Troy, Ohio. The cost estimate is found in

the Bureau of Mines report in Appendix B, under the section entitled

"Economics".

The Bureau estimates the cost for a lead-from-ebonite plant with a

capacity of 30 tons per hour, about 50 percent larger than the plant
discussed above for the Gould site. The key differences between the
United Scrap Lead process and the Gould site process is that the United
Scrap Lead plant would be designed to remove interstitial lead from ebo
nite, through the use 8f a number of leaching steps. Given this dif

ference, the Bureau of ~i~es estimated a total operating cost of $11.3
million. A credit of :; 3. J :nillion for recycled materials leaves a net
operating cost of $8.3 ,~~~ion for the plant.
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The $11.3 million cost for the ebonite plant may be an additive

cost for the Gould site, since the Bureau of Mines estimate assumes

separated ebonite for a feedstock, rather than mixed casing material.
As such, the ultimate cost for the Gould site may be as high as $20
million or more, if the present Alternative 10 estimate of $9.2 million
is added to the Bureau of Mines estimate.

6. 7 ALTERNATIVE 21 EVALUATION

Alternative 21 consists of excavation of battery casings and matte,

permanent disposal of battery casings in an on-site RCRA landfill or
tumulus, regrading the site to drain away from East Doane Lake, stabili

zation of contaminated surface soils, subsurface soils, sediments, and

matte, blocking the East Doane Lake outlet to the Willamette, filtration

of East Doane Lake, and monitoring.

Alternative 21 mitigates the problem by removing the surface soils,

sub-surface soils, sediments and matte and treating them with a fixation

agent to bind the contaminants in a soil matrix. The battery casings
are also removed and then disposed of in an on-site tumu~us.

6.7.1 Effectiveness

Endangerment Assessment

Alternative 21 achieves 99.8 percent of the overall reduction in

exposure to lead achievable by Alternative 10 for the base case. For
the high dose case, reductions are the same for the two alternatives.

Short-term risks for workers onsite would be negligible because

workers onsite would follow health and safety procedures and use per

sonal protective equipment where warranted. In addition, fencing and

other controls would be used to prevent members of the public from

entering the site. The hazard index for inhalation of lead by offsite

workers at the fenceline is well within the acceptable chronic intake.

Reliability

The removal of and treatment of contaminated material in the

methods prescribed by this alternative will remove recharge contaminant
sources for groundwater and prevent airborne migration of contaminants •
The disposal of battery casings in an on-site RCRA tumulus is a reliable
and acceptable method of disposing of hazardous waste. Reliability of
tumulus is lessened by possibility of leachate generation and by inspec
tion requirements.
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Fixation of heavy metals in.soil has been performed at other sites
with a certain degree of reliability, although more study is needed to
determine the agent most suitable and dosing requirement to meet leach
ability testing. The agent binds the heavy metals in a matrix with soil
making them non-mobile. Future mobility could only be induced by a che
mical or physical means such as oxidation with an acid or mechanical
disturbance. The placement of a soil and vegetative cover over the
backfill will further prevent oxidation by weathering. The reliability
of this alternative is considered moderate.

Conformance with ARARs

Many of the same site considerations for achievement of ARARs that
apply to Alternative 10 would apply to Alternative 21 as well. All
source materials are being remediated. Short-term impacts will likely
be similar for Alternative 21 as for Alternative 10.

Removal of contaminated sediments containing leachable lead, com
bined with filtration of the lake, will reduce the amount of time
necessary to reduce the lead content of the lake water of East Doane
lake. Through time, the pH of East Doane Lake can be expected to rise,
as the sulfate plume on the site is further diluted. A gradual rise in
lake pH will gradually reduce the dissolved component of lead in the
lake. Filtration of the lake will more quickly reduce the non-dissolved
portion of lake lead than continued settling. Reduction of both
dissolved and non-dissolved lake lead will, in all likelihood, be ade
quate to allow East Doane Lake to achieve the ARAR for lead of 0.05
mg/l. With the outlet to the Willamette closed, the Willamette will be
protected from any correami.nant; plume from East Doane Lake discharge.

Since the National Ambient Air Quality Standard (NAAQS) for lead of
1.5 ug/m3 for a calendar quarter would not be exceeded for the No-Action
Alternative during periods of no or low site activity, it would not be
exceeded long-term for Alternative 21 either. During actual site reme
diation under Alternative 21, total suspended particulates would show a
significant rise, as would the concentration of airborne lead. The per
centage of lead in airborne particulates would be significantly reduced
over the long-term.

The MCL for lead would continue to be exceeded in some of the moni
toring wells, at least at the outset. Through time, the ground-water pH
of all on-site wells can be expected to rise as the sulfate plume on the
site is further diluted. A gradual rise in ground-water pH will gra
dually reduce the dissolved component of lead in the shallow aquifer
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system. Over time, this reduction couple with removal of all primary
source materials and stabilization of all secondary source materials
should be adequate to allow groundwater in on-site wells to achieve the
ARAR for lead of 0.05 mg/l. Actual time required to achieve the ARAR
will depend on the amount of precipitation received, since runoff will
be diverted away from the site and made unavailable as a source of
recharge. At present, there is no consumptive use of the aquifer, and
pUblicity combined with institutional controls may continue to prevent
consumptive use until the aquifer achieves the ARAR.

Alternative 21 directly t~,~ts the materials on site that are pri
mary or secondary sources of l~~d, i.e. battery casings, matte, surface

soils, subsurface soils, and sediments. No materials that fail the
standard of EP Toxicity for lead will remain uncontrolled at the end of
remediation under Alternative 21. The ability of remedial action to
meet ARARS under Alternative 21 is judged to be high.

Reduction in Toxicity, Mobility, or Volume

As stated previously, the fixation process for soils will reduce
toxicity and mobility of the contaminants, it will, however, not reduce
the volume. The volume of the treated soil material will actually
increase about 0.5 percent due to the additive and 5 percent because
compaction by normal methods will achieve a 95 percent of the in-situ
conditions. Disposing of the battery in a tumulus does not reduce toxi
city or volume. Because the tumulus does isolate the waste from the
surrounding environment, it does effectively prevent mobility.
Compaction in the tumulus will be limited to 85 to 95 percent, thereby
increasing the waste volume. The reduction of toxicity, mobility, or
volume, in this alternative, is considered moderate to high.

6.7.2 Implementability

Constructability

The sitework and construction of facilities in this alternative
will be performed using standard methods and equipment. The site is in
an industrial area wi th good utility access; however, disruption of
local services or utilities is foreseen during the construction period.
For Alternative 21, which involves excavation at the site, the location
of power lines along the northwest edge of the Gould property must also
be considered. The Bonneville Power Administration (BPA) maintains a
115-kV transmission line on the Rhone-Poulenc and ESCO properties that
feeds one of the BPA's Direct Service Industries. The BPA indicates
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that this line serves a heavy user of power that typically shuts down
for only a few days each year for maintenance. Thus, removal or reloca
tion of the transmission line may entail a loss of revenue for the power
user, as well as additional costs associated with on-site work and new
construction. On the other hand, the operation of heavy equipment near
an energized transmission line may constitute a significant safety
hazard. In addition, Portland Power and Light maintains a power line
alongside the transmission line, at roughly half the elevation of the
BPA line. As noted in "time required", the battery casings must be
excavated and stored on a temporary pad until the soils have been pro
cessed, before the tumulus can be constructed. The constructibility
factor of this alternative is considered moderate.

Performance

The treatment plants, once set-up, would be manned by locally
trained operators with supervision by a small technical staff. Process
performance would be controlled according to strict procedures and a
quality control program. Backfilling of the treated soils will be done
according to standard construction procedures. Therefore no specialist
requirements are foreseen to achieve performance goals. The soil, when
fixed and the soilvegetative protective cover is in place, should remain
in the immobile condition indefinitely. The disposal of battery casings
in a RCRA tumulus is a regulatory acceptable method of isolating waste.
However, the waste is still toxic and remains on site. Considering that
the leak detection and leachate collection 'system of this tumulus is
inspected daily for 30 years, the long term performance is assured. The
performance factor for this alternative is considered moderate to high.

Safety

The process for soils uses no chemicals that are harmful by normal
contact to the operators. The soils materials could be harmful if
inhaled or ingested. Personnel in these areas will wear protective
clothing and gl~ves. In the dry handling areas, the operators will be
required to wear safety masks. On-site contractors handling waste
materials will be required to have personnel who are health and safety
trained. Technical staff will implement safety programs in the process
plant. In the training program for local operators, a segment will be
devoted to health and safety. A safety inspector will make periodic
checks of conditions and programs ensuring adherence. The safety factor
for this alternative is considered to be moderate.
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Time Required

The time required to perform this alternative is extended because
the tumulus extends over the area where the process facility, soils, and
battery casings are located, therefore processing the materials must be
completed before construction of the tumulus can begin. The time
required to perform this alternative is outlined in the following
sequential activities:

Permitting Requirements•

o

o

o

o

o

Remedial design, specification, procure-
ment, contracting, and permitting 12 months

Construction of a temporary storage pad
for battery casings 2 months

Excavation of soils, sediments, and matte.
Excavation of battery casings and placement
on temporary storage pad. 6 months

Facility Construction 5 months

Processing of soil materials and back-
filling on-site 24 months

•e

This alternative involves the removal and treatment of soils, sedi
ments and matte to fix the contaminants and then backfill the materials
on site. The battery casings will be disposed of in an onsite landfill.
The landfill will have to meet the requirements of RtRA and be
constructed to 40 CFR Part 264 Standards. In construction, process
facilities will be built along with the landfill. Construction permits
will be required for these activities.

Community Concerns

Alternative 21 would address the community concern' about high
levels of airborne lead as well as the effects of airborne lead on
workers' health. This alternative would also alleviate concerns about
future development of the Doane Lake area because it would result in
fewer restrictions on Euture land uses than would the No-Action
Alternative. However, strong opposition to the short-term effects of
remediation can be an t i c i pa t ed , Affected populations (nearby workers
and in nearby residenc~s) ~an be expected to oppose any action at the
site that will increas~ ~~~~or~e lead, as any site remediation will una
voidable do.
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The appearance of the RCRA tumulus is also likely to encounter some
opposition. A large, high, perpetual mound of battery casings in the
middle ·of the property is not likely to be well-received by those whose
location would permit daily viewing of such a structure. The community
acceptance of Alternative 21 is judged to be moderate.

Institutional Controls

For Alternative 21, the site is left in a completely remediated
condition. Battery casings and other source materials would be entombed
in a RCRA tumulus, contaminated soils would be stabilized, East Doane
Lake would be isolated from the Willamette, and ground water would be
treated. The institutional requirements of the alternative are modera
te; all site contaminants are addressed, however the lead time to obtain
a RCRA permit for the landfill (tumulus) will likely be quite long.

Certain site restrictions would be required as specified under 40
eFR 264 Subpart G. These restrictions relate to post-closure care and
notifications for a RCRA facility closed with waste in place. The
restrictions include requirements for benchmarks to mark the location of
the waste, land use restrictions prohibiting the disturbance of the
tumulus cap, restrictions on pUblic access to the property, and notices
to be placed on deeds or on other instruments normally examined during a
title search. Such restrictions, including restricted access, would
adequately prevent human health exposure or environmental exposure to
site contaminants. The institutional requirements for Alternative 21
are judged to be moderate.

Availability

The equipment and materials needed to implement Alternative 21 are

readily available. Additional testing will be required to choose the
proper method for source material stabilization. The availability of
Alternative 21 is judged to be high.

6.7.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes site grading,
parking drainage modification, installation of airborne monitors,
lakeshore erosion control, revegetation, fixation plant construction,
temporary storage pad construction, RCRA permitting, installation of
monitoring wells, and construction of the on-site storage vault. The
second is the operating cost which includes excavation and replacement
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of materials, demolition of existing buildings, plant additives, plant
labor, heavy equipment rental, plant demolition and site monitoring.
Operating costs are discounted to present worth for comparison purposes.
Detailed cost breakdown information is provided in Appendix C.

Alternative i21

Capital
Costs

$6,108,616

O&M @ 12%
Present Worth

$4,083,408

Total
Cost

$10,192,024

Assumptions include:

o

o

o

o

o

Site grading - 2.3 acres
Plant building size - 900 sq. ft.
Battery casings - 80,000 cu. yd.
Plant labor force - 8 men for two years
Costing interest rate - 12 percent

•

•e

6.8 ALTERNATIVE 25 EVALUATION

Alternative 25 comprises removal and on-site disposal of con
taminated site materials in a RCRA-approved tumulus. The alternative
includes site regrading and blocking of the overflow from the East Doane
Lake remnant, surface capping, and a long-term monitoring program •

6.8.1 Effectiveness

Endangerment Assessment

Alternative 25 achieves 99.8 percent of the overall reduction in
exposure to lead achievable by Alternative 10 for the base case. For
the high dose case, reductions are the same for the two alternatives.

Short-term risks for workers onsite would be negligible because
workers onsite would follow health and safety procedures and use per
sonal protective equipment where warranted. In addition, fencing and
other controls would be used to prevent members of the public from
entering the site. The hazard index for inhalation of lead by offsite
workers at the fenceline is well below the acceptable chronic intake.

Reliability

The removal and on-site disposal of the site contaminants is con
sidered a reliable means of eliminating pollution from the site •
Frequent inspection of the cap will be required to ascertain that the
cap maintains an impermeable barrier between the contaminants and the
environment. Site monitoring equipment will require continued main
tenance, as well. The reliability of this alternative is rated moderate.
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Conformance with ARARs

Alternative 25 consists of excavation of battery casings and matte,
permanent disposal of battery casings, matte, surface soils, subsurface
soils, and sediments in an on-site RCRA landfill or tumulus, regrading
the site to drain away from East Doane Lake, blocking the East Doane
Lake outlet to the Willamette, filtration of East Doane Lake, and moni
toring.

Many of the same site considerations for achievement of ARARs that
apply to Alternatives 10 and 21 would apply to Alternative 25 as well.
All source materials are being remediated. Short-term impacts will
likely be similar for Alternative 25 as for Alternatives 10 and 21.

Removal of contaminated sediments containing leachable lead, com

bined with filtration of the lake, will reduce the amount of time
necessary to reduce the lead content of the lake water of East Doane
lake. Through time, the pH of East Doane Lake can be expected to rise,
as the sulfate plume on the site is further diluted. A gradual rise in
lake pH will gradually reduce the dissolved component of lead in the
lake. Filtration of the lake will more quickly reduce the non-dissolved
portion of lake lead than continued settling. Reduction of both
dissolved and non-dissolved lake lead will, in all likelihood, be ade
quate to allow East Doane Lake to achieve the ARAR for lead of 0.05
mg/l. With the outlet to the Willamette closed, the Willamette will be
protected from any contaminant plume from East Doane Lake discharge.

Since the National Ambient Air Quality Standard (NAAQS) for lead of
1.5 ug/m3 for a calendar quarter would not be exceeded for the No-Action
Alternative during periods of no or low site activity, it would not be
exceeded long-term for Alternative 25 either. During actual site reme
diation under Alternative 25, total suspended particulates would show a
significant rise, as would the concentration of airborne lead. The per
centage of lead in airborne particulates would be significantly reduced
over the long-term.

The MCL for lead would continue to be exceeded in some of the moni
toring wells, at least at the outset. Through time, the ground-water pH
of all on-site wells can be expected to rise as the sulfate plume on the
site is further diluted. A gradual rise in ground-water pH will gra
dually reduce the dissolved component of lead in the shallow aquifer
system. Over time, this reduction couple with removal of all primary
source materials and stabilization of all secondary scurce materials
should be adequate to allow groundwater in on-site wells to achieve the
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ARAR for lead of 0.05 mg/l. Actual time required to achieve the ARAR
will depend on the amount of precipitation received, since runoff will
be diverted away from the site and made unavailable as a source of
recharge. At present, there is no consumptive use of the aquifer, and
publicity combined with institutional controls may continue to prevent
consumptive use until the aquifer achieves the ARAR.

Alternative 25 directly treats the materials on site that are pri

mary or secondary sources of lead, i.e. battery casings, matte, surface
soils, subsurface soils, and sediments. No materials that fail the
standard of EP Toxicity for lead will remain uncontrolled at the end of
remediation under Alternative 25. However, because there is no pre

ference for treatment or permanence under SARA, the performance of
Alternative 2S in meeting ARARs is moderate.

Reduction in Toxicity, Mobility, or Volume

Alternative 25 does not significantly reduce the volume or toxicity
of the site contaminants. Contaminant mobility is significantly reduced
by lessening the availability of site contaminants for wind entrainment
or dissolution in surface water. This alternative is rated moderate for
reducing contaminant toxicity, mobility or volume.

6.8.2 Implementability

Constructability

Alternative 25 would be accomplish~d using conventional machinery
and techniques. During construction of the tumulus, though, excavated
wastes would have to be placed on an adjacent property. Temporary
storage of excavated material must comply with 40 CFR 265.253 and
265.254. Off-site storage might also require special arangements with

state and local agencies and authorities, and special agreements with
neighboring property holders. For Alternative 25, which involves exca
vation at the 'si~e, the location of power lines along the r.orthwest edge
of the Gould property must also be considered. The Bonneville Power
Administration (BPA) maintains a 115-kV transmission line on the
Rhone-Poulenc and ESCO properties that feeds one of the BPA I s Direct
Service Industries. The BPA indicates that this line serves a heavy
user of power that typically shuts down for only a few days each year
for maintenance. Thus, removal or relocation of the transmission line
may entail a loss of revenue for the power user, as well as additional
costs associated with on-site work and new construction. On the other
hand, the operation of ~eavy equipment near an energized transmission
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line may constitute a significant safety hazard. In addition, Portland

Power and Light maintains a power line alongside the transmission line,

at roughly half the elevation of the BPA line. This alternative is
therefore rated moderate for constructability.

Performance

The intent of this alternative is to fully mitigate potential

health and environmental effects of site contaminants by completely iso
lating the contaminants from the environment. Site regrading and

blocking of the overflow from the East Doane Lake remnant will prevent

the accumulation of runoff in the lake remnant, and eliminate any possi

bility of movement of contaminated surface water off site. Tumulus cap

and leachate systems will require regular monitoring and inspection,
however. When combined wi th appropriate institutional controls, the

performance of this alternative is judged to be moderate to high.

Safety

During remediation, worker safety issues similar to those for major

earthmoving projects will exist. Hazards associated with site con
taminants will be reduced by appropriate respiratory protection, worker

safety attire and the application of dust suppression techniques.

The monitoring program for Alternative 25 will be similar to that

discussed under Alternative 21 in Section 6.2.6. The monitoring program

will use monitoring wells to look for changes in the groundwater con

taminant plume. Implementation of the monitoring program will not
involve any significant safety issues. Overall, this alternative is

rated moderate for safety.

Time Required

As with Alternative 21, Alternative 25 could be executed in approx

imately four years, including planning, review, contracting and comple

tion. There are no site conditions or known zoning requirements Which
might delay execution; but the application for and approval of RCRA per

mits for the tumulus and the temporary waste storage pile could delay
execution. Beneficia~ effects of remediation under this alternative
will be immediate upon completion of construction.
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Permitting Requirements

This alternative involves the removal of battery casings, soils,
sediments, and matte, which will all be disposed of in a RCRA onsite
landfill. The landfill will have to meet the requirements of RCRA and
be constructed to 40 CFR Part 264 Standards. In construction, moni
toring systems will be installed, site drainage systems emplaced, and
buildings demolished. Construction permits will be required for these
activities.

Community Concerns

Alternative 25, like Alternative 21,would address the community
concern about high levels of airborne lead as well as the effects of
airborne lead on workers' health. This alternative would also alleviate
concerns about future development of the Doane Lake area because it
would result in fewer restrictions on future land uses than would the
No-Action Alternative. However, strong opposition to the short-term
effects of remediation can be anticipated. Affected populations <nearby
workers and in nearby residences) can be expected to oppose any action
at the site that will increase airborne lead, as any site remediation
will unavoidable do •

Even more than for Alternative 21, the appearance of the RCRA turnu
Ius under this alternative is likely to encounter opposition. A very
large, very high, perpetual mound of battery casings and soil in the
middle of the property is not likely to be well-received by those whose
location would permit daily viewing of such a structure. the community
acceptance of this alternative is likely to be moderate.

Institutional Controls

For Alternative 25, the site is .left in a .completely remediated
condition. Battery casings and other source materials, along with
secondary source materials and sediments would be entombed in a RCRA
tumulus, East Doane Lake would be isolated from the Willamette, and
ground water would be treated. The institutional requirements of the
alternative are moderate: all site contaminants are addressed, however
the lead time to obtain a RCRA permit for the landfill (turnulusl will
likely be quite long •

Certain site restrictions would be required as specified under 40
CFR 264 Subpart G. These restrictions relate to post-closure care and
notifications for a RCRA facility closed with waste in place. The
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restrictions include requirements for benchmarks to mark the location of
the waste, land use restrictions prohibiting the disturbance of the
tumulus cap, restrictions on public access to the property, and notices
to be placed on deeds or on other instruments normally examined during a
title search. Such restrictions, including restr icted access, would
adequately prevent human health exposure or environmental exposure to
site contaminants. The insti tutional requirements for Alternati ve 25
are judged to be moderate.

Availability

The equipment
readily available.
high.

and materials needed to implement Alternative 25 are
The availability of Alternative 25 is- judged to be

•

6.8.3 Cost Analysis

The costs associated with this alternative are divided into two
categories. The first is capital cost which includes excavation of
clean soils, pumping of East Doane Lake, lakeshore erosion control,
parking lot restructuring, instal~ation of airborne monitors, importing
backfill, installation of monitoring wellS, RCRA permitting, construc
tion of the temporary storage pad and on-site vault construction. The
second is the' operating cost which includes the excavation and transpor
tation of materials to the temporary storage pad, placement of materials
in the RCRA vault, water truck rental, and site monitoring. Operating
costs are discounted to present worth for comparison purposes. Detailed
cost breakdown information is provided in Appendix C.

Alternative #25

Capital
Costs

$11,246,577

O&M @ 12%
Present Worth

$ 336,368

Total
Cost

$11,582,945

Assumptions include:

o

o

o

Vault Capacity - 114,157 cu. yd.
Imported Fill - 160,000 cu. yd.
Costing Interest Rate - 12 percent

••
6.9 SUMMARY OF DETAILED EVALUATION OF ALTERNATIVES

The results of the detailed evaluation of alternatives presented in
Section 6.2 through 6.8 are combined in Tables 6.9-1 .;rough 6.9-3. The
results of the non-cost evaluations in Table 6.9-1 are summarized for
each alternative using the high-moderate-low rating system. The results
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of the cost evaluation are summarized in total present worth dollars for
a 30-year project life at a 12 percent discount. rate. This summary of
the detailed evaluation is utilized in Section 7.0 to perform the final
ranking of alternatives.
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• TABLE 6.9-1 SUMMARY OF COST ESTIMATES

GOULD RIIFS
FEASIBILITY STUDY COST ESTIMATES

Alt. Alt. Alt. Alt. Alt. Alt. Alt.
1 2A 2B 8 10 21 25

--------------------------------------------------------------_.-----------------.-----------.----..-----.-----------
Direct

Site Iaprovelents $23,600 $112.807 $550,855 $577,705 $125,560 $128,961 $1,802.815
Soils Handling 827,016 81.779 81,779
Process Plant 1,893,988 660,080
Storage Facilities 2,528,997 3,431,202
Katerials Handling 352,235 280,733 1,397,401 442,080 1,757,523

-----------------------------------------------_._---.--------.-----_._-------_._._-
subtotal 23,600 465,042 831,588 1,975,106 2,846,563 3,841,897 7,073,319

Indirect 11,092 218,570 407,478 967,802 1,964,129 2,266,719 4,173,258

Present worth (o&!!)
5.0% $295,300 $774,867 $268,345 $345,976 $4,877,572 $4.814,659 $588,803
10.0% 182,975 455,767 165,423 213,029 4,554,981 4,256,073 384,090
12.0% 156,962 382,092 138,952 181,793 4,427,840 4,083,408 336,368

• 15.0% 128,641 302,330 115,775 148,933 4,271,838 3,857,853 284,119

Present worth (0&11 .. Capital)
5.0% $329,992 $1,458,478 $1,507,411 $3,288,884 $9,688,263 $10,923,275 $11,835,380
10.0% 217,667 1,139,378 1,404,489 3,155,937 9,365,673 10,364,689 11,630,667
12.0% 191,654 1,065,703 1,378,017 3,124,701 9,238,532 10,192,024 11.582,945
15.01 163,333 985.941 1,354, 841 3,091,841 9,082,530 9,966,469 11,530.695

••
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7.0 SUMMARY AND COMPARISON OF THE ALTERNATIVES

This section summarizes the detailed evaluation of the final can
didate remedial action alternatives which was presented in Section 6.0.
The detailed evaluation in Section 6.0 discussed the cost-effectiveness
of each of the final remedial alternatives in terms of their technical,
institutional, and public health and environmental attributes. In this

section, the advantages and disadvantages of each of the alternatives
relative to these attributes are reviewed. In addition, an alternative
is recommended for implementation.

7.1 SUMMARY OF THE FINAL CANDIDATE ALTERNATIVES

Key technical, institutional, and public health and environmental
features of the final candidate alternatives are listed in Table 7.1-1.
In the following section, the advantages and disadvantages of the alter
natives are discussed. For alternatives with similar attributes,
distinct and significant differences are highlighted.

7.1.1 Alternative 1, No-Action Alternative

Of the final candidate alternatives, the No-Action Alternative has
the lowest present-worth cost ($191,654, assuming an interest rate of
12 percent) • This alternative does not appear to threaten existing
drinking water supplies. There do not appear to be any unacceptable
health risks to current populations in the area, although the risk
assessment indicates that an on-site worker may be exposed to site con
taminants in excess of background levels. The No-Action Alternative
relies on institutional controls and monitoring for the protection of
public health and the environment.

Disadvantages of the No-Action Alternative include:

•e

o

o

o

Substantial amounts of wastes would be left in place on site.
These wastes could continue to pose inhalation and ingestion
problems in the future.

Continued migration of site contaminants into the ground-water
aquifers, although the plume of contaminated ground water will
likely continue to contract with time as the pH of the ground
water continues to rise .

Failure to meet ARARs.

7-1
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• TABLE 7.1-1

SUMMARY OF THE DETAILED EVALUATION OF THE FINAL ~ANDIDATE ALTERNATIVES

Remedial Alternatives

Alternative 1 -- No Action

Effectiveness
Rating

Low

Implementability
Rating

Low

PW Cost Estimate
(at 12% interest)

$ 191,654

•

••

Alternative 2A
Surface Treatment wi Lime
Battery Casings Off-Site

Disposal (Surface Piles)
Institutional Controls

Alternative 2B
Surface Capping
Battery Casings Off-Site

Disposal (Surface Piles)
Institutional Controls

Alternative 8
Surface Capping
Battery Casings Off-Site

Disposal (Surface piles)
Sediment Off-Site Disposal
Institutional Controls

Al.ternative 10
Surface Capping
Battery Casings Removal for

Treatment/Disposal/Recycle
Soil, Sediment & Matte

On-Site Treatment
Institutional Controls

Alternative 21
Surface Capping
Battery Casings On-Site

Disposal
Soil, Sediment & Matte
On-Site Treatment
Institutional Controls

Alternative 25
On-Site Disposal
Institutional Controls

Low
to Moderate

Moderate
to High

Moderate
to High

Moderate
to High

Moderate
to High

Moderate
to High

Moderate

Moderate
to High

Moderate
to High

Low

Moderate

Moderate
to High

$1,065,703

$1,378,017

$3,124,701

$9,238,532

$10,192,024

$11,582,945
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7.1.2

o

o

Unacceptable average 4aily doses under the on-site residential
and off-site residential scenarios, and exposures considerably
above background under the on-site worker scenario.

Requirements for institutional restriction of site access, land
use and new well water use.

Alternative 2A

At a present worth cost of $1,065,703, Alternative 2A is the least
expensive remedy after the No-Action Alternative. Advantages of this
alternative include:

•

o

o

o

o

o

o

o

Low cost.

Ease of implemention and availability of necessary equipment
and manpower.

The potential for completing remediation in a relatively short
period of time.

Acceptability of short-term hazards associated with reme
~iation, as indicated by hazard indices for the inhalation of
lead•.

Reduction of contaminant migration in surface water.

Gradual reduction of contaminant solubility in the East Doane
take remnant.

Gradual reduction of contaminant migration in ground water.
Vertical infiltration of surface water will tend to raise the
pH of the ground-water aquifers below the site, thereby reducing
lead solubility.

Disadvantages of this alternative include:

•e

o

o

o

Substantial amounts of source materials left in place on site.

Continued migration of site contaminants into the ground-water
aquifers, although the plume of contaminated ground water will
likely continue to contract with time as the pH of the ground
water continues to rise.

Long-term exposure risks for on-site workers and onsite resi
dences which exceed AlCs.

7-3
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o

o

Failure to meet all ARARs.

Requirements for institutional restriction of site access, land
use and new well water use.

7.1.3 Alternative 2B

At a present worth cost of $1,378,017, Alternative 2B is a rela
tively inexpensive remedy.

Advantages of this alternative include:

•

o

o

o

o

o

o

Low cost.

Ease of implementation and availability of necessary equipment
and manpower.

The potential for completing remediation in a relatively short
period of time.

When coupled with institutional controls, protection of public
health and the environment is equivalent to meeting ARARs.

A~ceptability of sbort-term hazards associated with reme
diation, as indicated by hazard indices for the inhalation of
lead.

Reduction of contaminant migration in air and in surface water.

Disadvantages of this alternative include:

••

o

o

o

o

Substantial amounts of source materials left in place on site.

Continued horizontal migrati~n of site contaminants in the
ground-water aquifers, although the plume of contaminated
ground water will continue to contract with time as the pH of
the ground water continues to rise.

Long-term exposure risks for ingestion which exceed the accep
table chronic intake by about 20 percent, but only for the on
site residential exposure scenario precluded under the
alternative. (This risk is mitigated by several factors
discussed in :~e Sndangerment Assessment.)

Requirements ~~r :~stitutional restriction of site access, land

use and new we~~ Nater use.

7-4
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7.1.4 Alternative 8

At a present worth cost of $3,124,701, Alternative 8 is substan
tially more expensive than Alternatives 2A or 2B, but is also substan
tially less expensive than Alternatives 10, 21 or 25.

Advantages of this alternative include:

Disadvantages of this alternative include:•

••

o

o

o

o

o

o

o

o

o

o

Ease of implementation and availability of necessary equipment
and manpower.

The potential for completing remediation in a relatively short
period of time.

When coupled with institutional controls, protection of public
health and the environment is equivalent to meeting ARARs.

Acceptability of the short-term hazards associated with reme
diation, as indicated by hazard indices for the inhalation of
lead.

Reduction of contaminant migration in air and in surface water •

Substantial amounts of source materials left in place on site.

Continued migration of site contaminants into the ground-water
aquifers, although the plume of contaminated ground water will
likely continue to contract with time as the pH of the ground
water continues to rise.

Long-term exposure risks for ingestion which exceed the accep
table chronic intake by about 20 percent, but only for the on
site residential exposure scenario precluded under the
alternative. (This risk is mitigated by several factors
discussed in the Endangerment Assessment.)

Failure to meet all ARARs.

Requirements for institutional restriction of site access, land
use and new well water use •

7-5
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7.1.5 Alternative 10

At a present worth cost of $9,238,532, Alternative 10 is substan
tially more expensive than Alternatives 2A, 2B or 8, but is also less

expensive than Alternatives 21 or 25.

Advantages of this alternative include:

Disadvantages of this alternative include:

•

o

o

o

o

o

o

o

o

o

Satisfaction of the SARA preference for alternatives which uti
lize permanent solutions and alternative treatment ,or resource

recovery technologies.

Removal and treatment of the majority of the contaminant 'ource

materials.

Meets or exceeds ARARs.

Limited requirements for institutional restriction of site

access or land use.

Additional bench- and pilot-scale tests required to ascertain

the 'sui~ability and reliability of treatment,processes for both

soil and battery casing materials,.

Equipment and technology necessary for implementation is una

vailable.

Prolonged time for remediation.

Failure of separations processes to provide a recyclable pro

duct which passes TCLP or EP Toxicity, and liabilities which
may result from the recycling of hazardous material.

Very high cost.

••

As evaluated in Section 6, Alternative 10 is not available for

implementation. It is the intent of the PRPs to continue pursuing the
technical feasibility of Alternative 10 through the conduct of addi
tional engineering studies and other research •
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7.1.6 Alternative 21

At a present worth cost of $10,192,024, Alternative 21 is an expen
sive remedial alternative, given the risks imposed by the site.

Advantages of this alternative include:

o

•

o

o

Availability of necessary equipment and manpower •

Utilizes proven technologies.

Provides permanent isolation or removal and treatment of the
majority of the contaminant source materials.

Meets or exceeds ARARs.

Disadvantages of this alternative include:

•
o

o

o

o

o

o

o

Does not provide a permanent solution to all aspects of the
site hazards.

Additional bench- and pilot-scale tests required to ascertain
the suitability and reliability of the soils treatment process •

The relatively prolonged time required for remediation: since
soils treatment must be completed before construction of the
tumulus can begin, the time needed to complete remediation is
greater than for most of the other alternatives.

The necessity for storing hazardous materials from the site on
an adjacent property.

Requirements for institutional restriction of site access and
land use.

Demands long-term site monitoring.

Very high cost.

At a present worth cost of $11,582,945, Alternative 25 is the most
expensive of the final candidate alternatives.•e
7.1. 7 Alternative 25

Advantages of this alternative include:

7-7
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o

o

o

o

Availability of necessary equipment and manpower •

Utilizes proven technologies.

Provides permanent isolation for the majority of the contaminant
source materials.

Meets or exceeds ARARs.

Disadvantages of this alternative include:

e"

o

o

o

o

o

Remedy does not provide a permanent solution, and does not uti
lize alternative treatment technologies or resource recovery
technologies.

The necessity for storing hazardous materials from the site on
an adjacent property.

Requirements for institutional restriction of site access and
land use.

Demands long-term site monitoring.

Very" high" cost.

••

7.2 RECOMMENDED REMEDIAL ALTERNATIVE

In light of the remedial objectives outlined in Section 3 of this
report, and in light of the detailed evaluation provided for each of the
Final Candidate Alternatives in Section 4, NL Industries and Gould Inc.
recommend Alternative 2B to EPA and DEQ for remediation of the Gould
site.

Alternative 2B comprises removal and off-site disposal of the sur
face piles of battery casing fragments, site regrading and blocking of
the overflow from the East Doane Lake remnant, surface capping, institu
tional controls, and a long-term monitoring program. The recommendation
is made with the knowledge that the alternative does not meet all ARARs
for the Gould site. NL Industries and Gould Inc. have shown, however,
that the remediation objectives can be met through the implementation of
Alternative 2B •

The removal of surface piles of battery casings removes the major
source of material available for airborne lead contamination, which
was the reason the site was originally placed on the NPL. In" addition,
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•
removal of the surface piles accomplishes one of the primary
objections that has been raised about the Gould site: the visual
appearance of the casings. Surface capping of contaminated primary
and secondary source materials re~oves the remainder of the sources of
airborne lead contamination. In addition, application of a surface
cap satisfactorily mitigates any concern that can reasonably be
formulated about human or environmental exposure to ingestion of
lead-contaminated material on the site.

Site reqrading and blockage of the
Willamette River removes the only
contribution to the surface water of
protection of aquatic species results.

East Doane Lake outfall to the
significant source of lead
the Willamette. Satisfactory

•

••

Of key importance in the recommendation of Alternative 28 is the
very aggressive and effective use of institutional controls in the
alternative. The Feasibility StUdy has provided the basis for accep
tability of institutional controls as an element of remediation. The
EPA memorandum on institutional controls, reviewed independently by the
Office of Policy Analysis, sets forth the structure for institutional
controls at a CERCLA site, and concludes t~at such controls can be

effective and integral elements of CERCLA site remediation. Adequate
precedent exists for use of such controls, notably in the Western
Processing Record of Decision within Region 10 (EPA 1985), and at the
Pepper's Steel Record of Decision within Region 4 (EPA 1986).

As part of Alternative 28, Gould Inc. will make use of institutional
controls regarding future land ownership and use. Gould will covenant
to maintain ownership and exercise limited use of the property in per
petuity, through the execution of an instrument, legally binding on
Gould Inc., as well as on its heirs and successors. Gould Inc. will
include a provision in the instrument regarding the possible future sale
of the property. At such future time that Gould may, for circumstances
unforeseen, be in a position that favors or requires the sale of the
property, Gould· or its heirs or successors will then re-evaluate the
need for additional site remediation to protect human health and the
environment.

The final element of the alternative is monitoring, which will be
used to verify that 5 i te contaminants remain unavailable for exposure
to people or the enviror~ent.

Given the commitment to be made by Gould Inc., there is an appli
cable waiver from meeti~g ARARs for a remedial action under Section 121
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••

of SARA. That waiver is authorized when the proposed remedial alter
native. will attain the equivalent of the ARARs. The Endangerment
Assessment has shown that for all exposure scenarios that do not include
on-site residences (which are precluded under this alternative), Alter
native 29 is adequately protective of human health and the environment.
The alternative offers as much protection of the shallow ground-water
aquifer off the site boundary as does any conceivable remedial measure,
and the alternative satisfactorily mitigates the risks from contact with
site contaminants. Those are the conditions to be met for EPA to apply
the waiver.

The alternative ,is technically feasible, and it can be implemented
within one year with. readily available equipment, materials and labor.
The alternative removes the contribution East Doane Lake makes to the
Willamette, although minimal, thus alleviating any concern about aquatic
SPeCies in the Willamette.

Pinally , Alternative 2B is cost-effective. Giventhe lack of
reliable information about the willingness of recyclers to' accept
separated source materials, and given the very high total lead levels
found in the potentially recyclable materials, an ~xcavate/treat/recycle

alternative cannot be endorsed at this time. The,cost of failure and
the environmental effects of failure under such. an option places the
PRPs in an untenable position. Further, given the aggressive institu
tional controls proposed under Alternative 2B, there appears to be no
practicable advantage to either constructing an on-site RCRA disposal
facility or in providing stabilization of soils. As such, the cost can
not be justified•
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June 1, 1989

Mr. Fred Hansen, Director
Oregon Department of Environmental Quality
811 S.W. Sixth Avenue
Portland, Oregon 97204

Re: NL/Gould Site - Doane Lake Study Area

Dear Mr. Hansen:

Wacker Siltronic Corporation
P.O. Box 83180
Portland, OR 97283-0180
7200 NW. Front Ave.
Portland. OR 97210-3676
Phone (503) 243-2020
FAX 503-226-0052
TWX 910-464-4777
TLX4970339

I am writing in reply to your letter of April 27, 1989, to James H. DiSorbo, our president,
and your letter of May 23, 1989, to me (and to representatives of other owners/operators
in the Doane Lake area).

In your April 27 letter to Mr. DiSorbo you acknowledged receipt of his letter of March 24
and its accompanying legal memorandum to the Oregon Department of Justice for
response to us. In your May 23 letter you invite the various addressees to meet with your
staff during the next two weeks to negotiate a consent order by August 1, 1989.

As you know, the analysis by our legal counsel which you sent to the Oregon Department
of Justice concludes that Wacker Siltronic is not liable under Oregon law for any remedial
action costs. You have advised us, moreover, that among legally liable parties, it is DEQ
policy to seek cleanup from "culpable" parties first, and only if this fails to achieve the
necessary cleanup, to pursue property owners solely on the basis of ownership. Wacker
Siltronic is neither legally liable, nor is it a "culpable" party.

Wacker Siltronic has not yet received a response from the Oregon Department of Justice.
In view of this fact, it would not be useful for us to meet with your staff about a consent
order. We do, however, look forward to a response from the Department of Justice and
an opportunity to discuss that response with you as may be appropriate.

We remain, of course, ready to cooperate in providing access to our property as may be
needed for your further study, subject to appropriate safeguards. If you have any
questions, please call.

Sincerely yours,

KER SILTRONIC CORPORATION

John Pittman
Director of Engineering

cc: Jim DiSorbo
Marvin B. Durning

scoEPA00004630


	SCOEPA00004111
	SCOEPA00004111
	SCOEPA00004112
	SCOEPA00004113
	SCOEPA00004114
	SCOEPA00004115
	SCOEPA00004116
	SCOEPA00004117
	SCOEPA00004118
	SCOEPA00004119
	SCOEPA00004120
	SCOEPA00004121
	SCOEPA00004122
	SCOEPA00004123
	SCOEPA00004124
	SCOEPA00004125
	SCOEPA00004126
	SCOEPA00004127
	SCOEPA00004128
	SCOEPA00004129
	SCOEPA00004130
	SCOEPA00004131
	SCOEPA00004132
	SCOEPA00004133
	SCOEPA00004134
	SCOEPA00004135
	SCOEPA00004136
	SCOEPA00004137
	SCOEPA00004138
	SCOEPA00004139
	SCOEPA00004140
	SCOEPA00004141
	SCOEPA00004142
	SCOEPA00004143
	SCOEPA00004144
	SCOEPA00004145
	SCOEPA00004146
	SCOEPA00004147
	SCOEPA00004148
	SCOEPA00004149
	SCOEPA00004150
	SCOEPA00004151
	SCOEPA00004152
	SCOEPA00004153
	SCOEPA00004154
	SCOEPA00004155
	SCOEPA00004156
	SCOEPA00004157
	SCOEPA00004158
	SCOEPA00004159
	SCOEPA00004160
	SCOEPA00004161
	SCOEPA00004162
	SCOEPA00004163
	SCOEPA00004164
	SCOEPA00004165
	SCOEPA00004166
	SCOEPA00004167
	SCOEPA00004168
	SCOEPA00004169
	SCOEPA00004170
	SCOEPA00004171
	SCOEPA00004172
	SCOEPA00004173
	SCOEPA00004174
	SCOEPA00004175
	SCOEPA00004176
	SCOEPA00004177
	SCOEPA00004178
	SCOEPA00004179
	SCOEPA00004180
	SCOEPA00004181
	SCOEPA00004182
	SCOEPA00004183
	SCOEPA00004184
	SCOEPA00004185
	SCOEPA00004186
	SCOEPA00004187
	SCOEPA00004188
	SCOEPA00004189
	SCOEPA00004190
	SCOEPA00004191
	SCOEPA00004192
	SCOEPA00004193
	SCOEPA00004194
	SCOEPA00004195
	SCOEPA00004196
	SCOEPA00004197
	SCOEPA00004198
	SCOEPA00004199
	SCOEPA00004200
	SCOEPA00004201
	SCOEPA00004202
	SCOEPA00004203
	SCOEPA00004204
	SCOEPA00004205
	SCOEPA00004206
	SCOEPA00004207
	SCOEPA00004208
	SCOEPA00004209
	SCOEPA00004210
	SCOEPA00004211
	SCOEPA00004212
	SCOEPA00004213
	SCOEPA00004214
	SCOEPA00004215
	SCOEPA00004216
	SCOEPA00004217
	SCOEPA00004218
	SCOEPA00004219
	SCOEPA00004220
	SCOEPA00004221
	SCOEPA00004222
	SCOEPA00004223
	SCOEPA00004224
	SCOEPA00004225
	SCOEPA00004226
	SCOEPA00004227
	SCOEPA00004228
	SCOEPA00004229
	SCOEPA00004230
	SCOEPA00004231
	SCOEPA00004232
	SCOEPA00004233
	SCOEPA00004234
	SCOEPA00004235
	SCOEPA00004236
	SCOEPA00004237
	SCOEPA00004238
	SCOEPA00004239
	SCOEPA00004240
	SCOEPA00004241
	SCOEPA00004242
	SCOEPA00004243
	SCOEPA00004244
	SCOEPA00004245
	SCOEPA00004246
	SCOEPA00004247
	SCOEPA00004248
	SCOEPA00004249
	SCOEPA00004250
	SCOEPA00004251
	SCOEPA00004252
	SCOEPA00004253
	SCOEPA00004254
	SCOEPA00004255
	SCOEPA00004256
	SCOEPA00004257
	SCOEPA00004258
	SCOEPA00004259
	SCOEPA00004260
	SCOEPA00004261
	SCOEPA00004262
	SCOEPA00004263
	SCOEPA00004264
	SCOEPA00004265
	SCOEPA00004266
	SCOEPA00004267
	SCOEPA00004268
	SCOEPA00004269
	SCOEPA00004270
	SCOEPA00004271
	SCOEPA00004272
	SCOEPA00004273
	SCOEPA00004274
	SCOEPA00004275
	SCOEPA00004276
	SCOEPA00004277
	SCOEPA00004278
	SCOEPA00004279
	SCOEPA00004280
	SCOEPA00004281
	SCOEPA00004282
	SCOEPA00004283
	SCOEPA00004284
	SCOEPA00004285
	SCOEPA00004286
	SCOEPA00004287
	SCOEPA00004288
	SCOEPA00004289
	SCOEPA00004290
	SCOEPA00004291
	SCOEPA00004292
	SCOEPA00004293
	SCOEPA00004294
	SCOEPA00004295
	SCOEPA00004296
	SCOEPA00004297
	SCOEPA00004298
	SCOEPA00004299
	SCOEPA00004300
	SCOEPA00004301
	SCOEPA00004302
	SCOEPA00004303
	SCOEPA00004304
	SCOEPA00004305
	SCOEPA00004306
	SCOEPA00004307
	SCOEPA00004308
	SCOEPA00004309
	SCOEPA00004310
	SCOEPA00004311
	SCOEPA00004312
	SCOEPA00004313
	SCOEPA00004314
	SCOEPA00004315
	SCOEPA00004316
	SCOEPA00004317
	SCOEPA00004318
	SCOEPA00004319
	SCOEPA00004320
	SCOEPA00004321
	SCOEPA00004322
	SCOEPA00004323
	SCOEPA00004324
	SCOEPA00004325
	SCOEPA00004326
	SCOEPA00004327
	SCOEPA00004328
	SCOEPA00004329
	SCOEPA00004330
	SCOEPA00004331
	SCOEPA00004332
	SCOEPA00004333
	SCOEPA00004334
	SCOEPA00004335
	SCOEPA00004336
	SCOEPA00004337
	SCOEPA00004338
	SCOEPA00004339
	SCOEPA00004340
	SCOEPA00004341
	SCOEPA00004342
	SCOEPA00004343
	SCOEPA00004344
	SCOEPA00004345
	SCOEPA00004346
	SCOEPA00004347
	SCOEPA00004348
	SCOEPA00004349
	SCOEPA00004350
	SCOEPA00004351
	SCOEPA00004352
	SCOEPA00004353
	SCOEPA00004354
	SCOEPA00004355
	SCOEPA00004356
	SCOEPA00004357
	SCOEPA00004358
	SCOEPA00004359
	SCOEPA00004360
	SCOEPA00004361
	SCOEPA00004362
	SCOEPA00004363
	SCOEPA00004364
	SCOEPA00004365
	SCOEPA00004366
	SCOEPA00004367
	SCOEPA00004368
	SCOEPA00004369
	SCOEPA00004370
	SCOEPA00004371
	SCOEPA00004372
	SCOEPA00004373
	SCOEPA00004374
	SCOEPA00004375
	SCOEPA00004376
	SCOEPA00004377
	SCOEPA00004378
	SCOEPA00004379
	SCOEPA00004380
	SCOEPA00004381
	SCOEPA00004382
	SCOEPA00004383
	SCOEPA00004384
	SCOEPA00004385
	SCOEPA00004386
	SCOEPA00004387
	SCOEPA00004388
	SCOEPA00004389
	SCOEPA00004390
	SCOEPA00004391
	SCOEPA00004392
	SCOEPA00004393
	SCOEPA00004394
	SCOEPA00004395
	SCOEPA00004396
	SCOEPA00004397
	SCOEPA00004398
	SCOEPA00004399
	SCOEPA00004400
	SCOEPA00004401
	SCOEPA00004402
	SCOEPA00004403
	SCOEPA00004404
	SCOEPA00004405
	SCOEPA00004406
	SCOEPA00004407
	SCOEPA00004408
	SCOEPA00004409
	SCOEPA00004410
	SCOEPA00004411
	SCOEPA00004412
	SCOEPA00004413
	SCOEPA00004414
	SCOEPA00004415
	SCOEPA00004416
	SCOEPA00004417
	SCOEPA00004418
	SCOEPA00004419
	SCOEPA00004420
	SCOEPA00004421
	SCOEPA00004422
	SCOEPA00004423
	SCOEPA00004424
	SCOEPA00004425
	SCOEPA00004426
	SCOEPA00004427
	SCOEPA00004428
	SCOEPA00004429
	SCOEPA00004430
	SCOEPA00004431
	SCOEPA00004432
	SCOEPA00004433
	SCOEPA00004434
	SCOEPA00004435
	SCOEPA00004436
	SCOEPA00004437
	SCOEPA00004438
	SCOEPA00004439
	SCOEPA00004440
	SCOEPA00004441
	SCOEPA00004442
	SCOEPA00004443
	SCOEPA00004444
	SCOEPA00004445
	SCOEPA00004446
	SCOEPA00004447
	SCOEPA00004448
	SCOEPA00004449
	SCOEPA00004450
	SCOEPA00004451
	SCOEPA00004452
	SCOEPA00004453
	SCOEPA00004454
	SCOEPA00004455
	SCOEPA00004456
	SCOEPA00004457
	SCOEPA00004458
	SCOEPA00004459
	SCOEPA00004460
	SCOEPA00004461
	SCOEPA00004462
	SCOEPA00004463
	SCOEPA00004464
	SCOEPA00004465
	SCOEPA00004466
	SCOEPA00004467
	SCOEPA00004468
	SCOEPA00004469
	SCOEPA00004470
	SCOEPA00004471
	SCOEPA00004472
	SCOEPA00004473
	SCOEPA00004474
	SCOEPA00004475
	SCOEPA00004476
	SCOEPA00004477
	SCOEPA00004478
	SCOEPA00004479
	SCOEPA00004480
	SCOEPA00004481
	SCOEPA00004482
	SCOEPA00004483
	SCOEPA00004484
	SCOEPA00004485
	SCOEPA00004486
	SCOEPA00004487
	SCOEPA00004488
	SCOEPA00004489
	SCOEPA00004490
	SCOEPA00004491
	SCOEPA00004492
	SCOEPA00004493
	SCOEPA00004494
	SCOEPA00004495
	SCOEPA00004496
	SCOEPA00004497
	SCOEPA00004498
	SCOEPA00004499
	SCOEPA00004500
	SCOEPA00004501
	SCOEPA00004502
	SCOEPA00004503
	SCOEPA00004504
	SCOEPA00004505
	SCOEPA00004506
	SCOEPA00004507
	SCOEPA00004508
	SCOEPA00004509
	SCOEPA00004510
	SCOEPA00004511
	SCOEPA00004512
	SCOEPA00004513
	SCOEPA00004514
	SCOEPA00004515
	SCOEPA00004516
	SCOEPA00004517
	SCOEPA00004518
	SCOEPA00004519
	SCOEPA00004520
	SCOEPA00004521
	SCOEPA00004522
	SCOEPA00004523
	SCOEPA00004524
	SCOEPA00004525
	SCOEPA00004526
	SCOEPA00004527
	SCOEPA00004528
	SCOEPA00004529
	SCOEPA00004530
	SCOEPA00004531
	SCOEPA00004532
	SCOEPA00004533
	SCOEPA00004534
	SCOEPA00004535
	SCOEPA00004536
	SCOEPA00004537
	SCOEPA00004538
	SCOEPA00004539
	SCOEPA00004540
	SCOEPA00004541
	SCOEPA00004542
	SCOEPA00004543
	SCOEPA00004544
	SCOEPA00004545
	SCOEPA00004546
	SCOEPA00004547
	SCOEPA00004548
	SCOEPA00004549
	SCOEPA00004550
	SCOEPA00004551
	SCOEPA00004552
	SCOEPA00004553
	SCOEPA00004554
	SCOEPA00004555
	SCOEPA00004556
	SCOEPA00004557
	SCOEPA00004558
	SCOEPA00004559
	SCOEPA00004560
	SCOEPA00004561
	SCOEPA00004562
	SCOEPA00004563
	SCOEPA00004564
	SCOEPA00004565
	SCOEPA00004566
	SCOEPA00004567
	SCOEPA00004568
	SCOEPA00004569
	SCOEPA00004570
	SCOEPA00004571
	SCOEPA00004572
	SCOEPA00004573
	SCOEPA00004574
	SCOEPA00004575
	SCOEPA00004576
	SCOEPA00004577
	SCOEPA00004578
	SCOEPA00004579
	SCOEPA00004580
	SCOEPA00004581
	SCOEPA00004582
	SCOEPA00004583
	SCOEPA00004584
	SCOEPA00004585
	SCOEPA00004586
	SCOEPA00004587
	SCOEPA00004588
	SCOEPA00004589
	SCOEPA00004590
	SCOEPA00004591
	SCOEPA00004592
	SCOEPA00004593
	SCOEPA00004594
	SCOEPA00004595
	SCOEPA00004596
	SCOEPA00004597
	SCOEPA00004598
	SCOEPA00004599
	SCOEPA00004600
	SCOEPA00004601
	SCOEPA00004602
	SCOEPA00004603
	SCOEPA00004604
	SCOEPA00004605
	SCOEPA00004606
	SCOEPA00004607
	SCOEPA00004608
	SCOEPA00004609
	SCOEPA00004610
	SCOEPA00004611
	SCOEPA00004612
	SCOEPA00004613
	SCOEPA00004614
	SCOEPA00004615
	SCOEPA00004616
	SCOEPA00004617
	SCOEPA00004618
	SCOEPA00004619
	SCOEPA00004620
	SCOEPA00004621
	SCOEPA00004622
	SCOEPA00004623
	SCOEPA00004624
	SCOEPA00004625
	SCOEPA00004626
	SCOEPA00004627
	SCOEPA00004628
	SCOEPA00004629



	barcode: *870684*
	barcodetext: 870684


